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PREFACE 

The  rapid  development  of  elinical  biochemistry  has  been  an  out¬ 
standing  feature  of  medicine  during  the  past  twenty  to  thirty  years. 
The  present  book  is  a  survey  of  the  whole  field  of  this  subject  frorn 
the  standpoint  of  workers  in  hospital  laboratories.  It  is  hoped  that 
it  will  appeal  particularly  to  registrars  training  in  clinical  pathology, 
to  hospital  biochemists,  and  to  laboratory  technicians.  The  book 
should  be  especially  useful  to  technicians  studying  for  the  examina¬ 
tion  in  Chemical  Pathological  Technique  of  the  Institute  of  Medical 
Laboratorv  Technology.  As  the  tests  described  are  also  used  in 
many  laboratories  not  directly  concerned  with  diagnosis  and  treat¬ 
ment,  so  far  as  possible  the  needs  of  workers  in  medical  research 
laboratories  have  also  been  borne  in  mind. 

While  the  purpose  of  the  book  is  essentially  practical,  it  w'as  felt 
that  summaries  of  the  findings  in  health  and  disease  would  add 
considerably  to  its  value.  Although  these  are  necessarily  brief  they 
are  provided  to  obviate  frequent  reference  to  larger  works  on  the 
interpretation  of  biochemical  tests.  No  claim  is  made  that  these 
replace  entire!}’  such  books  a  few  examples  of  which  are  given  in 
the  short  bibliography  on  p.  520. 

My  debts  to  other  authors  are  many.  In  a  rapidly  developing 
subjeet  sueh  as  this  much  is  owed  to  the  various  journals  which 
publish  papers  on  bioehemieal  methods.  Full  references  to  these 
are  given.  Books  on  practical  methods  which  I  have  found  valuable 
are  also  listed  in  the  bibliography  already  referred  to. 

I  wish  gratefully  to  acknowledge  permission  to  use  material  by 
the  following  :  Acta  medica  Scandinavica,  for  material  from 
Supplement  128  (1942)  by  Dr.  H.  O.  Lagerlof  ;  American  Journal 

Physiology  for  Table  XX  ;  Messrs,  Baird  and  Tatlock  for  Fig.  6  ; 
Bayer  Produets  Ltd.  for  Fig.  4  ;  British  Drug  Houses  Ltd.  for  the 
list  of  primary  standards  on  p.  513  ;  :Messrs.  J.  and  A.  Churchill  Ltd. 
for  normal  values  for  hamioglobin  from  “  Praetical  Haematology,” 
by  J,  A  .  Daeie  on  p.  401  ;  Evans  Electroselenium  for  Figs.  56  and 
57  ;  Harvard  University  Press  for  Fig.  58  adapted  from  “  Chemical 
Anatoniy,  Physiology  and  Pathology  of  Extracellular  Fluid,”  bv 

I  I  m  l-v  I  Tf  ■  *1  _ _  _  __ 


or*  -hr  T  ^  ^  lancet  lor  r  igs.  18,  19  and 

36  J  he  Lancet  and  Dr.  J.  1).  Robertson  for  Table  XXI  ;  Messrs. 
H.  K.  Lewis  and  Co.  Ltd.  for  material  on  p.  245  from  the  British 
Journal  of  Experimental  Pathology  ;  Messrs.  E.  S.  Livingstone  for 

Dieteti^^’M  eights  on  p.  518  from  “A  Textbook  of 

for  TaWe  X ■  ?!  I-  A.  Anderson  ;  Dr.  G.  Lusk 

frr.  h  Josiali  Macy  Jr.  Foundation  for  material 

from  the  et  Copper  Sulphate  Method  for  Measurimr  Specific 
C^ravities  of  Whole  Blood  and  Plasma,”  by  Phillips  uT ; 
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May  and  Baker  Ltd.  for  material  on  pp.  502-505  from  their  booklet 
“  The  Estimation  of  Sulphonamides  ”  ;  Shandon  Scientific  Company 
for  Fig.  37  ;  Dr.  M.  Somogyi  for  Table  XVI  ;  Dr.  J.  II.  van  de 
Kamer  for  Fig.  54  ;  Drs.  D.  D.  van  Slyke  and  G.  E.  Cullen  for  Table 
XIX  ;  Messrs.  Williams  and  Wilkins  for  material  on  Indicators  and 
Buffers  on  pp.  514-516  from  “  The  Determination  of  Hydrogen 
Ions,”  by  W.  M.  Clark  (published  in  Great  Britain  by  Bailliere, 
Tindall  and  Cox  Ltd.)  ;  Year  Book  Publishers,  Chicago,  for  Table 
XXIX  from  “  Methods  in  Medical  Research,”  Vol.  2,  edited  by 
J.  H.  Comroe. 

I  should  like  especially  to  express  my  thanks  to  my  wife  who  did 
nearly  all  the  diagrams  and  formulae,  and  to  several  of  my  friends 
and  colleagues  from  whose  help  I  have  benefited  considerably.  Dr. 
J.  E.  Kench  has  read  the  whole  of  the  proofs  whilst  Dr.  H.  T.  Howat, 
Dr.  S.  W.  Stanbury,  Mr.  M.  Bell  and  Mr.  J.  E.  Southall  have  each 
read  sections.  I  have  received  constant  encouragement  and  advice 
from  Dr.  R.  W.  Fairbrother.  For  any  errors  either  of  omission  or 
commission  which  still  remain  the  author  must  accept  sole 
responsibility. 

Finally  I  should  like  to  thank  my  publishers  for  their  unfailing 
consideration  and  patience  during  the  period  in  which  the  book  was 
being  written  and  published. 


October,  1953. 
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CHAPTER  I 

INTRODUCTORY.  COLLECTION  OF  SPECIMENS  AND 
SOME  GENERAL  TECHNIQUES 

BLOOD 


Collection  of  Blood  Specimens 

Capillary  or  venous  blood  is  used  for  almost  all  determinations 
made  on  blood. 

Capillary  blood  is  most  frequently  obtained  from  a  finger  or  thumb. 
The  most  convenient  place  is  on  the  thumb  about  half  a  centimetre 
from  the  side  of  the  nail.  The  tip  of  a  finger  is  also  used.  The  finger 
or  thumb  is  first  cleaned  with  ether  or  methylated  spirit,  and  is 
then  pricked  smartly  with  a  sharp  surgical  needle.  A  better  flow  of 
blood  is  obtained  Avhen  the  hand  is  warm,  and  if  the  arm  is  first 
allowed  to  hang  limply  and  is  then  gently  swung  backwards  and 
forwards  for  a  short  time.  After  making  the  prick,  a  tourniquet  of 
thin  narrow  tubing  is  wrapped  round  from  the  base  of  the  thumb 
outwards,  and  sufficient  pressure  exerted  to  force  out  the  blood, 
which  is  allowed  to  run  directly  into  a  suitable  pipette  held  inclined 
at  an  angle  slightly  downwards  from  the  horizontal.  When  the 
technician  is  familiar  with  the  technique,  the  pipette,  in  many  cases, 
fills  easily  and  quickly.  If,  hov’ever,  blood  ceases  to  flow  before  the 
calibration  on  the  pipette  is  reached,  it  is  better  not  to  exert  undue 
pressure,  but  to  unwrap  the  tourniquet  and  allow  the  arm  to  swing 
loosely  for  a  moment  or  two  to  restore  the  circulation  of  the  thumb. 
The  tourniquet  is  then  rewrapped  and  more  blood  collected.  P>om 
two  to  three  minutes  is  available  before  the  blood  begins  to  clot. 

Special  attention  should  be  paid  to  ensuring  that  the  jiipettes  used 
are  clean  and  dry,  otherwise  they  will  not  fill  easilv.  Pipettes  are 
cleaned  m  chromic  acid,  washed  free  from  acid  with  water,  and  dried 
by  drawing  a  small  quantity  of  acetone  through  bv  means  of  a  suction 
pump.  lo  complete  the  evaporation  of  the  acetone,  the  piiiettes 
^n  be  warmed  slightly  by  passing  them  quicklv  through  a  Bunsen 

^  (FiB-  I) ‘is  more  satisfactorv 

han  the  type  with  a  bulb.  \V hen  using  the  latter,  a  small  bubble 

of  the'pipfttT' 

wrll^  employed  whe.i  it  is  desired  to  collect 
i  or  0  .  ml.  Ihe  blood  is  then  placed  immcdiatelv  into  some  othpr 
solution  so  that  no  anticoagulant  is  required  In  the  haiuk  r,f 
Skd  ed  technician  as  mnch  as?.-,,  to  ,  -n  nd^J s„,ne  ,,  es  he  ^  .in cd" 
In  Ins  case  Ihe  blood  ca.,  he  allowed  to  dm,,  inlo  ,  s,o 

•■oidanni.K  a  little  antieoagnlant  '  . 

bene  workers  prefer  to  nse  the  lobe  of  an  ear.  The  teehniqne  is 
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rather  more  diflieult  to  acquire.  Again  amounts  up  to  0-2  ml.  are 
collected  in  a  pi})ette,  larger  volumes  into  a  small  tube  containing 
anticoagulant.  Amounts  up  to  3  ml.  can  be  obtained  by  allowing 
blood  to  accumulate  repeatedly  and  then  expressing  into  such  a 
tvd)e.  This  is  particularly  valuable  wdien  it  is  dillicult  to  obtain 
venous  blood.  In  the  case  of  infants  the  heel  is  used.  The  ankle 
is  grasped  to  congest  the  foot  and  a  prick  made  in  the  heel. 

1  hese  methods  for  collecting  blood  are  widely 
used.  Many  estimations  have  been  adapted  to 
use  0-2  ml.  of  capillary  blood.  However,  this 
small  volume  is  only  suitable  for  determina¬ 
tions  which  can  be  done  on  whole  blood. 

Cajiillary  blood  is  similar  in  composition  to 
arterial  blood. 

Venous  blood  must  be  collected  for  a  large 
numl)er  of  estimations.  If  serum  is  required 
the  blood  is  allowed  to  clot,  but  is  mixed  with 
an  anticoagulant  if  whole  blood  or  plasma  is  to 
be  used.  While  the  blood  may  be  taken  from 
any  prominent  veiii,  a  vein  on  the  front  of  the 
elbow  or  forearm  is  almost  universally  em¬ 
ployed.  The  arm  should  be  warm.  This 
improves  the  circulation  and  distends  the  vein. 
The  surface  of  the  skin  is  cleaned  by  rubbing 
with  alcohol  or  ether.  The  arm  is  extended 
and  a  ridiber  tourniquet  firmly  applied  a  few 
inches  above  the  elbow.  This  should  not 
obliterate  the  arterial  pulse  at  the  wrist.  A 
well  sharpened  sterile  hypodermic  needle  fixed 
on  to  a  syringe  of  approj^riate  capacity — 
usually  10  ml.,  though  if  a  number  of  tests 
are  to  be  carried  out  on  a  single  specimen,  a 
20  ml.  syringe  may  be  required — is  inserted 
into  the  vein,  which  can  be  held  steady  by 
the  thumb  of  the  other  hand  of  the  operator. 
When  the  needle  enters  the  vein  the  plunger 
is  withdrawn  slightly.  If  blood  appears  the 
tourniquet  is  released,  since  as  little  conges¬ 
tion  as  possible  shoidd  be  present.  When 
the  desired  amount  of  blood  has  been  drawn 
into  the  syringe,  a  small  pad  of  cotton  wool 


llil 


Fig.  ] .  Hlood  pijiettes. 


soaked  with  spirit  or  ether,  is  placed  on  the  arm  where  the  needle  was 
inserted,  and  the  needle  withdrawn,  dhis  pad  is  held  on  for  a  few 
minutes  until  bleeding  stops.  The  needle  is  removed  from  the 
svringe  and  the  blood  transferred  to  an  appropriate  container,  using 
the  minimum  amount  of  pressure.  Immediately  after  use  the  needle 
and  syringe  arc  washed  out  with  cold  w’ater  to  remove  any  blood 

remaining.  i  i  . 

Arterial  blood  is  rarely  examined.  It  has  been  taken  lor  blood  gas 

determinations  and  when  studying  the  arterial-venous  ratio  for  the 
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blood  sugar.  It  is  most  commonly  obtained  by  inserting  a  needle 
into  the  radial,  brachial,  or  femoral  artery,  usually  under  a  local 
anaesthetic. 


r 


c 
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Cleaning  and  Sterilizing  Syringes 

The  piston  is  removed  and  the  barrel  washed  thoroughly  wdtli 
water,  using  a  test  tube  brush.  The  piston  is 
also  rubbed  with  the  brush,  special  care  being 
taken  to  see  that  the  back  of  the  piston  ring 
is  kept  clean.  To  dry  the  syringe  a  little 
methylated  spirit  or  acetone  is  drawn  in  and 
then  expelled  as  completely  as  possible.  The 
piston  after  drying  is  smeared  with  a  little 
liquid  paraffin  as  lubricant,  then  replaced  in 
the  barrel  and  the  needle  attached.  The  needle 
is  covered  with  a  small  metal  or  glass  tube  so 
as  to  proteet  the  sharp  end,  and  the  whole 
then  placed  in  a  container,  the  mouth  of  which 
is  well  plugged  with  cotton  wool  to  prevent 
movement  of  the  syringe.  A  glass  test  tube 
can  be  used  but  a  metal  eontainer  is  better. 

Maw  &  Co.,  of  London,  supply  aluminium 
ones  which  are  very  satisfactory  (see  Fig.  2). 

If  these  are  used,  after  plugging  with  cotton 
wool,  the  cap  is  screwed  on  and  the  outfit 
sterilized  in  an  autoclave  or  dry  air  oven.  It 
is  a  good  practice  to  stick  a  label  sterile  if 
LABEL  UNBROKEN  over  the  Cap,  so  that  this 
cannot  be  unscrewed  without  breaking  the 
label.  This  method  of  sterilizing  can  only  be 
used  for  all-glass  syringes,  or  for  record  type 
syringes  with  ceramic  pistons.  If  syringes  have 
metal  pistons  the  barrel  and  piston  should  be 
disconnected  and  sterilized  separately. 

All  types  of  syringe  can  be  sterilized  by 
means  of  hot  oil  from  an  oil  bath.  The  hot  oil 
(liquid  paraffin  is  suitable)  at  130°  C.  to  140°  C. 
is  drawn  into  and  forced  out  of  the  syrino'c 
•several  times  over  a  period  of  a  half  to  one 
minute.  This  method  has  been  widely  used 
in  the  past,  but  has  been  criticized  on  the 
grounds  that  sterilization  may  not  be  effected 
This  may  be  so  if  the  oil  is  not  kept  long 

enough  in  the  syringe,  as  may  be  the  case  when  it  is  onlv  drawn  in 
once  or  twice  and  is  quickly  ejected. 

Sterilization  by  placing  the  parts  of  the  svringe  in  boiling  water 
(containing  a  pinch  of  sodium  bicarbonate  to  prevent  riistfiiffl  for 

S  reco‘.„m::<led 

er  left  in  the  syringe  may  cause  some  ha?molvsis. 


Fig.  2.  Container  for 
sterilizing  Syringes. 
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Sharpening  Needles 

Eflicient  sharpening  ol  the  needle  is  most  important.  A  white 
Arkansas  stone  (Fig.  3),  such  as  is  used  by  joiners  for  sharpening 

gouges,  has  been  found  satisfaetory.  The 
stone  has  two  edges  with  different  bevels. 
Needles  are  sharpened  on  these  edges, 
which  have  curves  suitable  for  those  of 
the  cutting  edges  of  different  sizes  of 
needles.  The  use  of  xylol  as  a  lubricant 
will  prevent  glazing  of  the  surface  of  the 
stone.  The  needle,  held  firmly  near  to 
the  point  by  the  thumb  and  first  finger, 
is  drawn  backwards  and  forwards  a 
distance  of  2  to  3  cm.  along  the  edge 
chosen,  and  never  allowed  to  leave  the 
surface  of  the  edge  while  this  is  being 
done.  When  the  sharpening  is  finished 
the  slightly  rough  outer  edges  of  the 
bevel  can  be  smoothed  by  gently  rub¬ 
bing  them  on  the  flat  surface  of  the  stone. 


Venules 

For  use  outside  hospitals,  and  for  those  who  only  wish  to  take  a 
specimen  of  blood  occasionally,  venules  (Fig.  4)  are  convenient.  The 
sterile  needle  is  supplied  covered  with  a  small  glass  tube,  which 
is  broken  by  cutting  with  the  small  file  included,  and  the  needle  then 
inserted  into  a  vein  in  the  usual  way.  By  manipulating  the  tube 


as  shown  in  the  diagram,  the  valve  in  the  rubber  stopper  is  opened, 
and  the  blood  is  drawn  into  the  tube  by  the  negative  {iressure  inside. 
The  blood  is  mixed  with  the  anticoagulant  by  gentle  shaking  or  by 
rotating  the  tube  between  the  imlms  of  the  hands.  Venules  can  be 
obtained  either  with  or  without  anticoagulant,  for  a  variety  of 
puriioses  from  Bayer  Products  Ltd.,  London.  Full  instructions  are 

fjiven  with  the  tubes. 
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Avoiding  Haemolysis 

When  plasma  or  serum  is  to  be  used  it  is  essential  to  avoid  haemo¬ 
lysis.  Even  when  haemolysis  is  not  noticeable  on  inspection,  in 
many  specimens  spectroscopic  examination  will  show  the  presence 
of  bands  of  oxyhaemoglobin.  Provided  these  are  faint,  their  presence 
may  be  ignored,  but  any  appreciable  degree  of  haemolysis,  certainly 
visible  haemolysis,  makes  the  serum  or  plasma  unsuitable  for  some 
determinations.  It  is  easier  to  obtain  serum  almost  free  from 
haemolysis  than  plasma,  since  the  anticoagulant  present  is  an  addi¬ 
tional  factor  which  may  produce  lysis  of  the  cells. 

Certain  precautions  can  be  taken  to  avoid  haunolysis.  The  syringe 
and  needle  must  be  dry.  As  lubricant  a  little  liquid  paraffin  may  be 
used  if  desired.  When  taking  blood,  a  minimum  amount  of  con¬ 
striction  is  applied  to  the  arm.  The  blood  should  flow  slowly  and 
steadily  into  the  syringe,  and  after  removing  the  needle,  should  be 
expelled  slowly  into  the  tube  used.  Mechanical  breakdown  of  red 
cells  is  thus  avoided  as  far  as  possible.  Tubes  into  which  the  blood 
is  placed  should  be  clean  and  dry.  The  anticoagulant  should  be 
mixed  with  the  blood  by  gentle  rotation.  Excessive  amounts  of 
anticoagulant  should  not  be  used.  Separation  of  plasma  should  be 
done  by  centrifuging  at  low  to  moderate  speeds.  If  the  plasma  is 
not  required  immediately,  the  cells  can  be  allowed  to  sediment  out, 
the  supernatant  fluid  removed  and  finally  cleared  of  any  remaining 
cells  by  centrifuging.  In  the  case  of  serum,  the  blood  may  be 
allowed  to  clot  in  a  centrifuge  tube,  cooled  for  some  time  in  the 
refrigerator,  and  then  centrifuged;  or  the  blood  is  allowed  to  stand 
until  the  clot  has  contracted,  when  the  serum  can  be  poured  off,  and 
centrifuged.  If  it  is  necessary  to  loosen  the  clot,  this  should 
be  done  as  gently  as  possible  with  a  thin,  clean,  dry  glass  rod. 
Another  useful  practice  is  to  put  the  blood  into  a  wider  tube  than 
usual  and  allow  clotting  to  take  place  with  the  tube  slanted.  When 
the  blood  is  firmly  elotted,  the  tube  is  stood  upright  so  that  the  serum 
then  drains  off. 


Anticoagulants 

Heparin  is  the  most  satisfactory  anticoagulant  since  it  produces 

no  change  m  the  blood.  Nevertheless,  because  they  are  much 

cheaper  and  inore  easily  obtained,  oxalates  and  citrate  have  been 

most  used.  It  is  important  not  to  use  more  of  these  salts  than  is 

necessary,  otherwise  appreciable  changes  in  the  distribution  of  water 

between  eells  and  plasma  may  result,  and  they  inav  interfere  with 
some  determinations.  "  chlic  «un 

Potassium  or  Sodium  Oxalate.  These  act  by  precipitating  the 
calcium.  Potassium  oxalate  has  been  most  connnonlv  usS  o^f  the 
oxalates  since  it  is  the  most  soluble.  Ten  to  20  mg.  iier  10  ml  blood 
prevent  clotting,  but  20  to  30  mg.  should  be  used 
hnicians  making  up  tubes  should  become  familiar  witli  tlii« 

TwsT'ro  "  '“'‘i  I’etcrs  a.ul  Van  Slvke 

(1J82)  reconnnend  preparing  a  80  per  cent,  solution  ol  neutral 
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potassium  oxalate,  rccrystallizcd  if  necessary,  and  adjusted  to  a  pll 
of  7-4  0-2  by  adding  potassium  liydroxide  or  oxalic  acid  solution. 

An  appropriate  amount,  ()•!  ml.  for  10  ml.  of  blood,  is  measured  into 
the  tube  which  is  to  hold  the  blood,  is  spread  on  the  walls  as  a  film 
by  rota.ting  the  tube,  and  then  dried  in  a  stream  of  air.  The  blood 
then  mixes  easily  and  rapidly  with  the  oxalate  and  very  little  further 
shaking  is  necessary.  This  is  specially  useful  for  specimens  to  be 
taken  under  oil. 

Sodium  Citrate.  Citrate  does  not  precipitate  the  calcium  but 
converts  it  into  a  non-ionized  form.  Nevertheless  citrated  plasma 
is  not  as  satisfactory  as  serum  for  the  determination  of  calcium. 
About  30  mg.  of  sodium  citrate  per  10  ml.  of  blood  will  prevent 
clotting.  About  twice  this  amount  should  be  used. 

Ammonium  Oxalate  (3  parts)  +  Potassium  Oxalate  (2  parts)  has 
been  used  (Heller  and  Paul,  1934)  in  certain  ha?matological  investi¬ 
gations  since  it  does  not  affect  the  red  cell  volume.  One  mg.  per  ml. 
has  been  suggested,  but  2  mg.  per  ml.  may  be  necessary  to  ensure 
that  clotting  does  not  occur.  Ammonium  oxalate  should  not  be 
included  in  the  anticoagulant  for  any  determination  in  which 
ammonia  is  being  produced,  for  example,  in  urease  urea  estimations, 
Kjeldahl  protein  and  non-protein  nitrogen  determinations. 

Heparin  is  effective  when  about  2  mg.  per  10  ml.  of  blood  is  used. 
It  should  be  used  when  it  is  important  to  ensure  that  no  change  takes 
])lace  in  the  blood. 

Sodium  Fluoride  also  acts  as  an  anticoagulant,  but  larger  amounts 
are  required  than  of  either  citrate  or  oxalate,  so  that  it  is  chiefly  used 
as  a  preservative,  when  it  is  usually  mixed  with  potassium  oxalate 
(see  p.  7).  It  is  not  recommended  as  an  anticoagulant  for  as  much 
as  100  mg.  per  10  ml.  of  blood  is  necessary.  Fluoride  is  an  enzyme 
poison. 

Changes  in  Blood  on  Keeping 

The  following  are  among  the  changes  which  may  take  place  in 
blood  when  it  is  kept. 

1.  Loss  of  carbon  dioxide.  Since  the  carbon  dioxide  content  of 
plasma  is  liigher  than  that  of  air,  some  is  lost  from  the  plasma  to  the 
atmosphere.  This  leads  to  the  passage  of  carbon  dioxide  from  the 
cells  into  the  plasma,  formation  of  carbon  dioxide  from  bicarbonate 
in  the  cells,  and  to  compensate  for  this,  passage  of  bicarbonate  from 
plasma  to  cells.  Even  so,  the  bicarbonate  content  of  the  cells  is 
reduced  so  that  chloride  passes  from  cells  to  plasma  to  keep  the  ratio 
of  bicarbonate  to  chloride  the  same  in  both  cells  and  plasma.  In 
order  to  prevent  loss  of  carbon  dioxide  and  this  series  of  changes, 
the  blood  is  collected  under  liquid  paraffin  and  the  plasma  separated 
immediately. 

The  sim])lest  })roeedure  is  to  take  the  blood  into  a  syringe  con¬ 
taining  a  little  liquid  paraffin  bnt  no  air,  and  transfer  the  blood 
immediately  to  a  centrifuge  tube  containing  liquid  paraffin  and 
oxalate.  The  end  of  the  needle  is  placed  under  the  liquid  paraffin  in 
this  tube  and  the  blood  gently  forced  out.  It  is  mixed  with  the  anti- 
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coagulant  by  rotating  the  tube  between  the  palms  of  the  hands.  The 
tube  is  then  filled  with  liquid  paraffin,  corked  and  centrifuged.  Air 
should  be  excluded  during  centrifuging  since  carbon  dioxide  may  be 
lost  when  the  blood  is  shaken.  The  plasma  should  be  removed  from 
the  cells  immediately  after  centrifuging,  and  care  taken  not  to  include 
anv  oil  when  pipetting  from  this  plasma. 

For  work  involving  a  high  degree  of  accuracy  Peters  and  Van  Slyke 
(1932)  collect  the  blood  over  mercury,  and  describe  an  apparatus  by 
which  this  can  be  done. 

2.  Conversion  of  glucose  to  lactic  acid,  glycolysis  (see  p.  29). 

3.  Increase  in  plasma  inorganic  phosphate  due  to  formation  from 
ester  phosphate  present  in  the  cells  (see  p.  303).  To  avoid  this, 
serum  dt  plasma  is  separated  within  a  short  time  from  taking  the 
blood. 

4.  Formation  of  ammonia  from  nitrogenous  substances  of  which 
urea  is  the  chief,  may  occur  in  blood  which  has  been  contaminated 
with  bacteria.  This  may  interfere  with  the  estimation  of  potassium 
(see  p.  350).  The  blood  should  be  kept  sterile  or  in  a  refrigerator. 

5.  Passage  of  substances  through  the  red  cell  envelope.  This  is 
important,  for  example,  in  the  case  of  potassium  which  is  present  in 
much  greater  concentration  in  the  cells  than  in  the  plasma.  Serum 
or  plasma  should  be  separated  shortly  after  taking  the  blood. 

6.  Conversion  of  pyruvate  into  lactate  (see  p.  418).  The  blood 
should  be  mixed  immediately  with  the  protein  precipitant  or  pre¬ 
served  as  described  on  p.  419. 

If  blood  is  to  be  kept  it  should  be  collected  under  aseptic  conditions. 
As  preservative  a  mixture  of  potassium  oxalate  and  sodium  fluoride 
in  the  proportions  of  three  parts  to  one  is  used.  Sodium  fluoride 
mixed  with  thymol  (20  :  1)  has  also  been  employed.  John  (1926) 
used  20  mg.  of  this  mixture  per  10  ml.  of  blood  but  other  workers 
have  used  more.  Roe  et  al.  (1927)  used  up  to  100  mg.  of  sodium 
fluoride  per  10  ml.  when  the  blood  was  sterile.  It  could  then  be  kept 
for  several  days  and  still  be  examined  for  sugar  and  non-protein 
nitrogen.  More  is  required  if  the  blood  is  not  kept  sterile.  Since 
so{lium  fluoride  inhibits  enzyme  activity  it  interferes  with  the 
determination  of  urea  using  urease. 

In  general,  serum  or  ])lasma  should  be  separated  as  soon  as  possible 
after  taking  the  blood.  All  blood  specimens  should  be  kept  in  a 
refrigerator.  ^ 


Type  of  Blood  to  be  Used 

The  reasons  for  the  dioice  of  whole  blood,  serum  or  plasma  for  a 
determination  will  be  discussed  when  each  substance  is  being  con- 
sidered  There  are  however,  some  general  points  of  importance. 

substance  to  be  estimated  is  evenly  distributed  between 
ells  and  plasma,  it  does  not  usually  matter  which  is  used  It  mav 
be  more  convenient  to  use  whole  blood,  particular! v  if  the  test  can 
be  done  using  0-2  ml.  of  blood,  ' 

?•  hlood  constituents,  for  example  irhicose 

uric  acid,  creatinine,  m  the  determination  of  which, ‘substances 
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present  in  the  cells  behave  in  the  same  way  as  the  substance  which 
is  being  estimated,  thus  giving  higher  values  than  the  true  ones. 
Use  of  serum  or  plasma  avoids  interference  from  these.  Whole 
blood  placed  into  isotonic  sodium  sulphate  has  also  been  used  for  this 
purpose  (see  pp.  29,  33). 

3.  In  some  cases  variations  in  jdasma  level  of  the  substance  arc 
significant,  for  example,  for  plasma  chlorides. 

4.  Since  it  is  easier  to  obtain  serum  free  from  haemolysis  there  is  a 
good  case  for  the  use  of  serum  rather  than  plasma  when  it  is  necessary 
to  separate  off  the  cells.  Plasma,  however,  must  be  used  when  the 
separation  has  to  be  made  immediately.  Thus  plasma  is  used  in  the 
determination  of  bicarbonate  and  chloride.  To  summarize:  use 

Whole  Blood.  Glucose,  urea,  non-protein  nitrogen,  sulphonamides. 

Serum.  Uric  acid,  creatinine,  creatine,  calcium,  soclium,  potas¬ 
sium,  cholesterol,  bilirubin,  acid  and  alkaline  phosphatase,  amylase, 
lipase,  albumin  and  globulin,  inorganic  phosphorus,  carotenes, 
vitamin  A,  amino-acids,  bromide,  thiocyanate,  salicylate. 

Plasma.  Chloride,  bicarbonate  (alkali  reserve),  pH,  fibrinogen, 
ascorbic  acid. 

Protein  Precipitants 

The  first  stage  in  the  majority  of  determinations  made  on  blood  is 
to  remove  proteins.  For  this  purpose  many  substances  are  used, 
chiefly  heavy  metal  salts,  acids,  and  organic  substances.  Tungstic 
acid  and  trichloracetic  acid  are  most  often  employed. 

Tungstic  acid  (Folin  and  Wu,  1919).  The  reagents  used  are  10  per 
cent,  sodium  tungstate  (Na2W04,  2H2O)  and  2/3  N  sulphuric  acid. 
The  tungstate  solution  should  not  be  acid  to  phenolphthalein,  or 
more  alkaline  than  to  need  0-4  ml.  of  N/10  hydrochloric  acid  to  make 
10  ml.  neutral  to  this  indicator.  To  prepare  2/3  N  sulphuric  acid 
20  ml.  of  concentrated  acid  is  diluted  to  1  litre,  standardized  against 
a  known  sodium  hydroxide  solution,  and  adjusted  if  necessary.  This 
acid  liberates  the  whole  of  the  tungstic  acid  from  an  equal  volume  of 
the  tungstate,  and 'practically  all  this  is  taken  down  by  the  protein 
jwecipitate  giving  a  filtrate  which  is  just  to  the  acid  side  of  neutral, 
Imving  a  pH  approximately  6-G. 

Folin’s  technique  is  to  mix  1  volume  of  whole  blood  with  7  volumes 
of  water,  add  1  volume  of  tungstate,  mix,  and  tlien  add  1  volume  of 
the  sulphuric  acid  slowly,  drop  by  drop,  shaking  well  during  the 
addition.  The  mixture  is  then  allowed  to  stand  for  ten  minutes 
before  filtering.  "With  whole  blood  the  final  colour  should  be  dark 
brown.  If  this  colour  is  not  produced  it  is  necessary  to  add  a  little 
more  acid.  For  this  purpose,  10  per  cent,  sulphuric  acid  is  added 
one  drop  at  a  time,  shaking  well  after  each  addition.  Care  should 
be  taken  not  to  add  more  acid  than  is  required.  If,  on  filtering,  the 
first  portion  of  the  filtrate  is  cloudy,  it  should  be  refiltered  through 
the  same  filter  ])apcr.  When  using  plasma  or  serum,  1  v'olume  is 
taken  with  8  volumes  of  water  and  a  I  volume  each  of  tungstate 

I  laden  (1923)  modified  this  jirocedure.  He  mixed  1  volume  of 
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l)lood  with  8  volumes  of  N/12  sulphuric  acid,  added  1  volume  of  the 
tungstate  with  constant  shaking,  allowed  to  stand  for  a  few  minutes, 
and  filtered.  Van  Slyke  and  Hawkins  (1928)  added  1  volume  of 
blood  to  9  volumes  of  a  mixture  containing  one  part  of  10  per  cent, 
sodium  tungstate  and  eight  parts  of  N/12  sulphuric  acid.  This  is 
convenient  but  the  mixture  does  not  keep  well.  It  should  not  be  kept 
for  more  than  a  fortnight,  and  should  be  discarded  if  any  precipitate 
forms. 

Bacterial  action  can  take  place  in  these  filtrates  so  that  estimations 
should  be  carried  out  within  a  few  hours  unless  a  preservative  is 
added.  Enzyme  action  is  also  possible,  so  that  these  filtrates  can  be 
used  for  such  methods  as  the  urease  method  for  determining  blood 


urea. 


Sodium  tungstate  has  also  been  used  with  copper  sulphate,  the 
copper  tungstate  formed  acting  as  the  protein  precipitant. 

Trichloracetic  Acid.  This  gives  an  acid  filtrate,  which  is  valuable 
when  an  acid  medium  is  necessary  to  keep  in  solution  the  substance, 
for  example  phosphate,  which  is  being  estimated.  Trichloracetic 
acid  usually  gives  a  greater  volume  of  filtrate  from  the  same  amount 
of  blood,  and  filters  more  quickly  than  does  the  tungstic  acid  mixture. 
Ten  per  cent,  trichloracetic  acid  may  be  used,  9  volumes  being  added 
slowly  with  constant  shaking  to  1  volume  of  blood.  Alternatively, 
one  volume  of  blood  can  be  diluted  with  4  volumes  of  water  and 
5  volumes  of  20  per  cent,  trichloracetic  acid  added  slowly.  Proteins 
are  precipitated  completely  and  do  not  take  any  of  the  non-protein 
nitrogen  with  them. 

Alkaline  Zinc  Salts.  Somogyi  (1930)  used  two  solutions,  10  per 
cent,  zinc  sulphate  (ZnSO^,  THgO)  and  0-5  N  sodium  hydroxide. 
Ten  ml.  of  the  zinc  sulphate,  diluted  to  about  50  ml.  with  water, 
should  require  between  10-8  and  11*2  ml.  of  the  hydroxide  to  become 
just  alkaline  to  phenolphthalein.  To  precipitate  the  proteins,  1 
volume  of  blood  is  diluted  with  7  volumes  of  water  and  1  volume  of 
zinc  sulphate  solution  added.  After  mixing,  1  volume  of  the 
hydroxide  is  added  slowly  with  constant  shaking.  The  mixture  is 
allowed  to  stand  for  a  few  minutes  and  then  filtered.  As  with  the 
tungstate  method,  if  plasma  or  serum  is  used,  1  volume  is  diluted 
with  8  volumes  of  water  and  a  half  volume  of  both  zinc  sulphate  and 
sodium  hydroxide  added. 

Cadmium  sulphate  has  also  been  used.  Somogyi  (1945)  does  not 
find  this  any  improvement,  but  has  substituted*  barium  hydroxide 
for  sodium  hydroxide.  hereas  zinc  sulphate  and  sodium  hydroxide 
satisfactorily  deproteimzc  whole  blood,  thev  may  fail  to  do  so 
eorap  ete  y  with  plasma.  Barium  hydroxide  and  zinc  llphate 
completely  deinoteimze  whole  blood,  plasma,  and  serum.  OthL 
ad^antages  claimed  for  this  method  are  that  it  does  not  introduce 
a?oxa  f  ir  precipitates  anticoagulants  such 

thn^;  interfere  with  the  re.uovai  of  ;n.tVi:;,‘' 

3  N  barium  Indroxide  and  5  per  cent,  zinc  sulnliafp  a  -  i 
IS  given  on  p.  36  in  Soniogyi’s  blood  sugar  method.  e 
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These  methods  are  considered  by  Somogyi  to  precipitate  along 
with  the  proteins,  some,  if  not  most,  of  the  material  w'hich  reduces 
the  solutions  used  in  estimating  blood  glucose  (see  ]>.  29).  However, 
other  methods  have  been  used  to  achieve  this.  Folin  (1930)  suggested 
the  use  of  unlaked  blood  in  order  to  get  a  filtrate  which  did  not 
contain  certain  non-glucose  reducing  substances.  Since  these  are 
mostly  present  in  the  cells  Folin  has  added  1  volume  of  the  blood  to 
8  volumes  of  a  solution  containing  15  grams  of  anhydrous  sodium 
sulphate  (or  34  grams  of  the  decahydrate)  and  0  grams  of  sodium 
tungstate  (Na2W04,  2H2O)  per  litre.  In  this  solution  the  cells  are 
not  laked.  After  standing  five  minutes,  1  volume  of  N/3  sulphuric 
acid  is  added  slow'ly,  w'hilst  mixing  gently.  The  cell  envelopes  are 
carried  down  with  the  protein  precipitate,  leaving  only  the  diffusible 
components  in  solution.  This  principle  has  been  used  in  several 
later  methods,  for  example  by  King  and  his  co-w^orkers  (see  p.  38). 

Use  of  Alcohol,  Ether,  Acetone.  In  a  few  methods,  use  of  these 
organie  substances  is  convenient,  particularly  if  it  is  desired  to  extract 
some  blood  constituent  into  the  organic  solvent.  Thus,  for  example, 
alcohol-ether  mixtures  are  used  to  precipitate  proteins  and  extract 
fats  and  cholesterol,  w'hilst  alcohol  is  used  in  the  estimation  of 
bilirubin,  and  acetone  in  icteric  index  measurements. 

Measuring  Blood 

Although  ordinary  pipettes  can  be  used  to  measure  plasma  or 
serum,  they  cannot  be  used  wdth  whole  blood  because  of  its  greater 
viscosity,  wuthout  introducing  appreciable  error.  For  this  reason, 
pipettes  used  for  measuring  whole  blood  should  be  calibrated  to 
contain  the  amount  of  blood  which  they  are  designed  to  measure, 
and  the  blood  should  be  washed  out  of  the  ])ipette.  With  pipettes 
measuring  small  amounts  of  blood,  such  as  0-1  or  0-2  ml.,  the  blood 
is  usually  delivered  into  a  measured  amount  of  a  solution  and  the 
pipette  w’ashed  out  by  sucking  the  liquid  up  into  it,  and  blowing  it 
out,  until  all  the  blood  is  washed  out.  If  the  blood  can  be  run  into 
one  part  of  the  fluid  and  another  part  be  used  for  washing  out  the 
pipette  before  the  w’hole  is  mixed,  it  is  even  less  likely  that  a  small 
amount  of  blood  will  be  left  behind  in  the  pipette. 

Small  blood  pipettes  should  be  calibrated  by  weighing  the  amount 
of  mercury  they  can  contain.  The  specific  gravity  of  mercury  is 
13-57  at  10°  C.,  13-56  at  14°  C.,  13-55  at  18°  C.  Because  of  the 
difference  in  the  shape  of  the  meniscus  a  slightly  smaller  volume  of 
mercury  is  w-eighed,  than  the  volume  for  which  the  pipette  is  being 
calibrated.  This  varies  wnth  the  diameter  of  the  bore  at  the  gradua¬ 
tion  mark.  Examples  are:  0-0005  ml.  for  a  bore  of  1-0  mm.,  0  0015 
ml.  for  1-5  mm.,  0-0025  ml.  for  2-0  mm.,  and  0-0040  ml.  for  2-5  mm. 
A  correction  curve  is  given  by  Peters  and  \’an  Slyke  (1932).  Once 
the  required  amount  of  mercury  has  been  weighed  out  in  a  small 
beaker,  it  can  be  used  to  calibrate  a  whole  seric'S  of  pipettes  by 
drawing  up  the  mercury  or  transferring  it  from  one  |)ipette  to  another. 
The  mercury  should  be  clean  and  dry. 

When  using  pipettes  delivering  larger  volumes,  the  blood  should 
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be  washed  out  by  passing  water,  or  some  solution  used  in  the  test, 
through  tlie  pipette.  In  calibrating  such  pipettes  a  suitable  volume 
of  water  is  weighed,  the  pipette  filled  to  a  provisional  mark  from 
this,  and  the  remaining  water  reweighed.  The  mark  is  adjusted 
and'the  process  repeated  until  an  accurate  calibration  is  achieved. 

In  pipetting  whole  blood,  care  should  be  taken  to  see  that  the  cells 
are  evenly  distributed  through  the  plasma.  This  is  particularly 
important  if  the  blood  is  being  used  for  the  determination  of  some 
constituent  which  is  present  in  different  concentrations  in  the  cells 
and  in  the  plasma. 


URINE 


Collection  of  Urine  Specimens 

Single  specimens  of  urine  are  used  for  ward  examinations  and  for 
most  qualitative  tests,  but  for  quantitative  w'ork  twenty-four-hour 
specimens  are  best  employed,  except  when  collecting  specimens  as 
part  of  tests  such  as  urea  clearance  and  concentration  tests.  Since 
great  variations  in  concentration  occur  during  the  day,  the  daily 
output  of  a  substance  must  usually  be  determined  if  significance  is 
to  be  attached  to  the  result  of  urine  analyses.  CFor  this  purpose  it 
is  most  convenient  to  collect  the  specimen  from  one  morning  to  the 
next.  At  some  suitable  time,  such  as  8  a.m.,  the  patient  empties 
the  bladder  and  the  urine  is  discarded.  All  specimens  passed  during 
the  day,  and  during  the  following  night  are  saved  and  the  specimen 
obtained  by  emptying  the  bladder  at  the  same  time  the  following 
morning  is  added  to  them.  If  the  patient  wishes  to  defecate  the 
bladder  should  be  emptied  just  before  this  is  done  so  as  to  avoid  loss 
of  urine.  The  collection  of  twenty-four-hour  specimens  is  subject 
to  an  appreciable  risk  that  the  specimen  will  be  incomplete,  a  point 
which  should  always  be  borne  in  mind  in  interpreting  results.  ) 


Changes  on  Keeping 

The  chief  changes  which  urine  may  undergo  on  keeping  are  due  to 
bacterial  action.  Urine  for  chemical  examination  is  not  usually 
^llected  aseptically  so  it  is  not  sterile  at  the  time  of  collection. 
However,  if  the  urine  is  passed  into,  and  kept  in,  clean,  w^ell-w'ashed 
receptacles  and  containers,  little  change  will  take  place  in  a  twenty- 

\  time  it  is  receiyed  in  the  laboratory, 
j  articularly  if  it  has  been  kept  m  a  cool  place  and  is  coyered  or 
stoppered.  It  is  important  that  such  specimens  should  be  sent  to 
the  hboratory  as  soon  as  possible  after  they  haye  been  collected. 

The  most  important  effect  of  bacteria  is  on  the  urea  which  is 
conyerted  into  ammonium  carbonate.  The  ammoniacal’  odour  of 
grossly  contaminated  urine  is  well  known  Such  urines;  are  •  i 
unsuitable  for  the  determination  of  urea  ammoZ  oH 
anjmonia  may  be  lost  to  the  air,  of  totaUitrogr  Mforo^o  uanfe^^^^ 
both  bacteria  and  yeasts,  niav  also  act  on  Irlucose  If  t  ^  ’ 
becomes  alkaline,  phosphates  'mav  be  preciiltated  o!  T"^ 
urie  aeid  and  urates  are  deposited-sinee 'tirey'^^f  ,1  s„1ubie“ii 
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urine.  Before  carrying  out  estimations,  any  deposit  must  be  well 
mixed  with  the  urine  before  sampling.  Uric  acid  and  urates  can  be 
redissolvcd  by  moderate  warming,  phosphates  by  adding  a  little  acid. 

Among  other  changes  which  may  occur  are  the  oxidation  of 
urobilinogen  to  urobilin,  and  the  rapid  oxidation  of  ascorbic  acid. 

Preservatives  for  Urine 

If  urines  have  to  be  kept  it  may  be  necessary  to  prevent  some  of 
the  changes  described  above.  The  choice  of  preservative  is  often 
influenced  by  the  purpose  for  which  the  urine  is  being  collected. 

As  a  rule  the  use  of  acid  is  satisfactory .  (^  Ten  ml.  of  coneentrated 
hydrochloric  acid  is  adequate  for  a  twenty-four-hour  specimen.  Such 
urines  are  suitable  in  particular  for  the  determination  of  urea, 
ammonia,  and  total  nitrogen.  Uric  acid  may  be  precipitated,  so 
the  deposit  must  be  well  mixed  before  a  sample  is  takeip' 

Chloroform,  toluene,  petrol  ether,  thymol,  and  formalin  have  been 
used,  but  have  disadvantages.  (Toluene  and  petrol  ether  form  a  thin 
layer  on  the  surface  and  this  tends  to  contaminate  pipettes.  This 
can  be  partly  overcome  by  placing  the  urine  in  a  separating  funnel 
and  running  off  the  lower  layer  of  urine.^  Moreover,  these  substances 
only  prevent  further  surface  contamination  with  bacteria,  they  do 
not  stop  the  growth  of  bacteria  already  introduced  during  the 
passage  and  collection  of  urine.  (jOhloroform  is  more  satisfactory  in 
both  these  respects,  but  less  so  in  other  ways.  It  may  interfere  with 
some  tests  such  as  the  detection  of  glucose,  since  it  reduces  Fehling’s 
solution.  The  chloroform  can,  however,  be  boiled  off.  Since  it 
settles  to  the  bottom  chloroform  mixes  with  any  deposit.  Sufficient 
chloroform  is  used  to  give  a  saturated  solution  in  the  urine.  Thymol 
is  also  used  in  an  amount  which  will  give  a  saturated  solution. 
Formalin,  3  to  4  drops  to  100  ml.,  can  be  used.  If  more  is  added 
it  may  give  positive  results  with  tests  for  glucose.  To  preserve  urine 
for  determination  of  ascorbic  acid,  either  10  per  cent,  concentration 
with  acetic  acid,  or  5  per  cent,  with  metaphosphoric  acid  is  used.; 

It  is  satisfactory  in  most  cases  to  use  specimens  collected  with 
reasonable  attention  to  cleanliness  and  to  keeping  the  urine  cool. 
Otherwise  acid  should  be  used  where  possible.  A  few  crystals  of 
thymol  or  a  few  ml.  of  toluene  may  be  used  in  other  cases.  Any 
further  points  will  be  dealt  with  under  the  examinations  in  question. 

Volume  of  Urine 

The  daily  output  of  urine  on  an  average  diet  and  normal  fluid 
intake  is  between  1,200  and  1,500  ml.,  but  it  may  vary  widely  both 
physiologically  and  pathologically.  Whilst  it  is  greatly  influenced 
by  the  amount  of  fluids  taken,  the  type  of  diet  also  has  a  considerable 
effect.  Thus  a  high  protein  diet  increases  the  output  of  urine 
because  of  the  diuretic  effect  of  the  increased  quantity  of  urea  formed. 
If  the  temperature  of  the  surroundings  is  high,  volume  is  diminished; 
exercise  has  a  similar  effect.  The  minimum  volume  of  urine  needed 
to  remove  the  daily  waste  products  in  health  is  about  500  ml. 

An  increased  daily  urine  volume — polyuria — is  found  in  a  number 
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of  conditions.  The  largest  volume  of  urine  excreted  is  in  diabetes 
insipidus,  when  10  to  20  litres  and  over  may  be  passetl,  the  condition 
being  due  to  a  lack  of  posterior  pituitary  hormone.  In  diabetes 
mellitus  up  to  5  to  6  litres  may  be  excreted  daily  (see  p.  72).  In 
the  later  stages  of  chronie  glomerulonephritis  there  is  some  degree 
of  polyuria  of  the  order  of  2  to  3  litres  daily.  An  increased  amount 
may  be  excreted  in  some  nervous  disorders. 

A  reduced  urine  volume — oliguria — is  found  in  fevers,  in  acute 
nephritis,  in  the  early  stages  of  chronic  glomerulonephritis,  in  acute 
liver  conditions,  in  diarrhoea,  and  in  cardiac  failure. 

Total  suppression'  of  urine — anuria — may  occur  for  a  period  in 
certain  conditions,  such  as  shock,  acute  nephritis,  mercury  poisoning, 
incompatible  blood  transfusion,  in  sulphonamide  therapy,  and 
bilateral  renal  stones. 

The  ratio  of  day  urine  (8  a.m.  to  8  p.m.)  to  night  urine  (8  p.m.  to 
8  a.m.)  is  at  least  2  :  1  and  sometimes  3  :  1  or  more  in  health.  In 
renal  disease  this  ratio  is  reduced,  and  may  even  be  reversed. 


Specific  Gravity  of  Urine 

Measurement  of  Specific  Gravity.  1.  Use  of  Urinometer 
simplest  method  a  urinometer,  shown  in  Fig.  5, 
is  used.  Weighted  with  mercury,  this  floats 
in  the  urine  so  that  the  calibration  which  cor¬ 
responds  to  the  surface  level  of  the  urine  is 
read.  The  lower  the  specific  gravity  the  further 
the  urinometer  sinks.  Since  the  instrument  is 
usually  calibrated  at  15°  C.,  it  is  necessary  to 
correct  for  temperature.  This  is  done  by  add¬ 
ing  0-001  for  every  3°  C.  above  15°  C.  and  sub¬ 
tracting  0-001  for  every  3°  C.  under  15°  C. 

Make  sure  the  urinometer  clears  the  sides  of 
the  vessel.  It  is  advisable  to  check  the  zero 
of  a  new  instrument,  and  to  compare  a  few 
results  with  those  obtained  by  weighing. 

2.  Weighing.  For  smaller  amounts  of  urine 
it  may  be  necessary  to  use  weighing.  In  such 
cases  a  specifie  gravity  bottle  of  suitable  size 
may  be  used  or  a  pipette  taken  and  the  weight 
of  equal  volumes  of  urine  and  water  ascer¬ 
tained.  The  ratio  of  these  gives  the  speeific 
gravity. 

3.  In  cases  such  as  ureteric  catheterization 
where  only  a  very  small  amount  of  urine  is 
available,  the  specifie  gravity  can  be  deter¬ 
mined  as  follows.  Take  a  mixture  of  two 
hquids  such  as  benzene  (S.G.  0-879)  and  chloro 

torm  (S  II  _ i  i  /o  „  _ 
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Fig.  5.  I'rinoineter. 


(S™  »'863)  and  carbon  tetrachloride 

V  -T  “^to  it.  Then  by  adding 

one  or  other  liquid  according  to  whether  the  dron  f-dl«  f  ^ 

nnxturc  is  iinally  obtained  in  ^.hieh  the 
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Tlie  specific*  gravity  of  tliis  mixture  is  then  measured  by  means  of 
a  urinometer,  standardized  for  such  mixtures. 

4.  Specific  Gravity  Beads.  A  set  of  glass  beads  can  be  used  for 
ascertaining  the  specific  gravity  of  urine.  The  one  which  neither 
sinks  nor  floats  is  found  and  the  s])ecific  gravity  marked  on  this  is 
read.  Sets  of  these  beads  can  be  obtained  from  Messrs.  T.  O.  Blake 
Ltd.,  40  Hatton  Garden,  London,  E.C.l. 

INTERPRETATION 

Under  ordinary  conditions  the  specific  gravity  of  a  twenty-four- 
hour  specimen  is  in  the  region  of  1  020,  ranging  from  about  1-016  to 
1-025.  Individual  specimens  of  urine  vary  widely  in  their  specific 
gravity.  After  drinking  large  amounts  of  water,  specific  gravity 
may  be  as  low  as  1-002,  whilst  when  perspiring  heavily  it  may  reach 
ancl  exceed  1-040.  Variations  in  the  specific  gravity  of  normal  urine 
mainly  reflect  changes  in  the  amount  of  urea,  sodium  chloride  and 
phosphates  present.  The  specific  gravity  of  pathological  urines  may 
be  influenced  in  addition  by  the  presence  of  glucose  and  albumin. 
The  high  specific  gravity  of  the  urine  in  diabetes  mellitus  is  due  to 
the  high  concentration  of  glucose.  To  allow  for  the  increase  in  the 
specific  gravity  due  to  albumin,  0-008  is  subtracted  from  the  observed 
specific  gravity  for  each  per  cent,  of  albumin  present. 


F.UCES 

Fa'ces  are  composed  of 

1.  Products  of  digestion  which  have  not  been  absorbed. 

2.  Undigested  and  undigestible  parts  of  the  food,  such  as  starch 
granules,  cellulose  fibres,  partly  digested  muscle  fibres. 

3.  Substances  from  the  secretions  into  the  intestine,  such  as 
enzymes,  changed  bile  pigments,  mucus. 

4.  Cells  from  the  intestinal  wall,  occasional  red  blood  cells  and 
leucocytes,  all  of  which  may  be  increased  in  illness. 

5.  Products  derived  from  the  foodstuffs,  such  as  indole,  skatole, 
gases,  fatty  acids,  resulting  from  the  action  of  bacteria. 

6.  Bacteria. 

7.  Water. 

8.  Foreign  bodies  such  as  concretions,  ])arasites  and  their  eggs. 

^  Collection  of  Faeces 

Faeces  are  usually  collected  in  a  bed  j)an.  hor  most  examinations 
the  complete  stool  should  be  sent  to  the  laboratory  within  a  short 
time  after  being  passed.  P'or  some  examinations  such  as  tests  for 
occult  blood,  it  is  more  convenient  to  send  a  portion  of  the  stool  in 
a  waxed  carton.  This  should  be  a  carefully  selected  part  of  the  stool. 
Otherwise,  and  particularlv  for  quantitati^  e  determinations,  the 
whole  stool  is  necessary.  In  most  cases  it  is  essential  to  avoid  using 
stools  which  contain  licpiid  paraflin,  barium  salts,  or  which  have  been 

collected  after  an  enema  has  been  given. 

It  is  also  in  most  cases  important  to  ensure  that  admixture  with 
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urine  does  not  occur.  Simple  inspection  as  a  rule  will  show  whether 
or  not  this  has  occurred.  A  good  indication  is  given  by  the  presence 
of  eonsiderable  amounts  of  chloride  in  contaminated  stools  (Cam- 
midge).  Chloride  occurs  only  in  small  amounts  in  fscces,  but  may  be 
jiresent  in  high  concentration  in  urine.  A  portion  of  the  faeces  is 
boiled  with  a  small  amount  of  distilled  water,  and  the  filtrate  tested 
for  chlorides  with  silv'er  nitrate  and  nitric  acid.  Faeces  give  no  more 
than  a  slight  opalescence.  A  precipitate  of  varying  degrees  of 
denseness  is  produced  if  contamination  with  urine  has  occurred. 


Preservation  of  Faeces 


For  the  most  part  specimens  should  be  examined  soon  after  being 
"passed  so  that  the 'need  for  preservation  is  avoided.  If  the  faeces 
are  to  be  dried,  for  example  as  a  preliminary  to  fat  determination, 
they  should  be  transferred  to  a  suitable  dish  and  drying  begun  in  an 
oven  or  on  a  water  bath  soon  after  the  specimen  is  received.  When 
metabolic  experiments  such  as  calcium  balance  tests  are  being  done, 
it  is  also  best  to  begin  drying  each  specimen  as  received  and  then  mix 
the  powdered  dried  faeces  intimately  at  the  end,  before  taking  a 
suitable  amount  for  the  estimation.  In  other  cases  it  is  possible  to 
do  the  first  stage  of  the  examination  at  once,  for  example,  in  the 
estimation  of  urobilinogen,  in  which  the  appropriate  quantity  of  faeces 
is  mixed  with  the  alkaline  ferrous  sulphate.  The  rest  of  the 
determination  can  be  completed  later. 

If  faeces  have  to  be  kept,  they  are  best  left  in  a  refrigerator. 
When  faecal  nitrogen  is  to  be  estimated,  acid  may  be  added.  This  is 
best  done  by  adding  about  200  ml.  of  water,  niixing  the  faeces  inti¬ 
mately  so  that  a  uniform  suspension  is  obtained,  taking  a  small, 
known  volume  of  this  and  adding  carefully  with  constant  stirring  an 
equal  volume  of  concentrated  sulphuric"  acid.  This  mixture  can 
then  be  kept  and  a  suitable  amount  taken  for  the  analysis.  Addition 
of  a  small  amount  of  formalin  has  also  been  used  for  preserving  faeces. 

Marking  Faeces 

In  experiments  such  as  nitrogen  and  calcium  balances  it  mav^  be 
necessary  to  collect  all  the  urine  and  fa?ces  nroduced  nvpr  n  nf^rJrvri 


The  Amount  of  Faeces 


IS  very  variable,  being 
of  water  taken.  The 
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weight  for  a  day’s  ffeces  ranges  from  60  to  200  grams  for  adults. 
The  bulk  is  inereased  if  considerable  amounts  of  vegetables  are  being 
eaten,  when  twice  this  amount  may  be  excreted.  Diets  low  in 
\  egetables  and  rich  in  meats  lead  to  a  reduced  quantity  of  fseces. 
A  greatly  increased  bulk  is  found  in  some  pathological  conditions, 
particularly  in  steatorrhoea,  when  500  to  1,000  grams  may  be  passed 
daily.  Such  an  increase  is  obvious  on  inspection. 

Water  Content 

On  a  typical  mixed  diet  the  fasces  contain  an  average  of  75  per  cent. 
(70  to  80  per  cent.)  water.  On  a  rich  meat  diet  it  tends  to  be  lower, 
on  a  rich  vegetable  diet  to  be  higher.  The  higjier  the  fat  content- 
of  the  faces,  the  higher  the  water  content.  In  diarrhaa  the  water 
content  is  well  over  90  per  cent. 

Total  Solids 

The  daily  excretion  of  faces  expressed  as  the  dried  weight  is 
consequently  in  the  range  25  to  45  grams.  It  may  be  almost  twice 
as  great  when  considerable  quantities  of  vegetables  are  being  eaten. 
^Vhen  fasting,  the  daily  dried  weight  falls  to  about  2  to  3  grams. 

pH  of  the  Faeces 

The  pH  of  the  faces  varies  from  5  to  9,  again  being  considerably 
influenced  by  the  diet.  There  are  also  considerable  variations  in  a 
single  stool.  On  an  average  the  pH  appears  to  be  slightly  on  the 
alkaline  side  of  neutral.  Because  of  the  wide  variations  found  both 
in  health  and  disease,  determinations  yield  little  or  no  information 
of  value  and  are  rarely  made.  Freshly  passed  specimens  must  be 
used.  The  simplest  method  is  to  use  an  indicator  paper.  British 
Drug  Houses  (Poole,  Dorset)  make  several  booklets  of  these  covering 
suitable  pH  ranges,  such  as  4-0  to  5-5,  5-5  to  7-0,  and  7*0  to  8*5.  The 
paper  is  moistened  with  distilled  water  on  a  glass  slide,  and  a  small 
portion  of  the  fa?ces  rubbed  on  it. 

Odour 

The  odour  of  normal  hcces  is  mainly  due  to  the  action  of  bacteria 
on  proteins,  such  substances  as  indole  and  skatole  being  produced. 
The  quantity  formed  is  thus  largely  influenced  by  the  auiount  of 
protein,  particularly  meat,  in  the  diet.  Other  compounds  containing 
sulphur,  such  as  organic  sulphur  compounds  and  hydrogen  sulphide, 
largely  contribute  to  the  odour  of  more  disagreeably  smelling  faeces. 

Standard  Diets  for  Collection  of  Faeces 

Since  the  diet  has  such  a  great  influence  on  the  composition  of  the 
faeces,  a  standard  diet  is  advisable  if  reliable  comparative  results  are 
to  be’  obtained.  One  such  diet,  widely  used  in  the  past  is  that  of 
Schmidt  (see,  for  example,  (’ammidge,  1914).  This  contains  approxi¬ 
mately  102  grams  of  protein.  111  grams  of  fat,  190  grams  of  carbo¬ 
hydrate,  and  has  a  calorie  value  of  2,230.  The  diet  should  be  a 
biand  one  with  a  low  residue.  A  number  of  rather  similar  diets  have 
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been  used.  Thus  Wollaeger,  Comfort,  and  Osterberg  (1947),  used  a 
diet  containing  102  grams  fat,  117  grams  protein,  and  270  grams 
of  carbohydrate,  with  a  calorie  value  of  2,532.  Nothman  (1951) 
gave  a  modified  Schmidt  diet  which  contained  105  grams  of  protein, 
135  grams  fat,  180  grams  carbohydrate,  calories  2,424. 


SOME  NOTES  ON  COLORIMETRY 

Owing  to  a  number  of  factors  such  as  the  small  amount  of  many  of 
the  substances  which  have  to  be  determined  in  clinical  biochemistry, 
and  the  difficulty  of  isolating  them,  colorimetric  methods  are  fre¬ 
quently  used.  In  the  space  available  here  it  is  not  possible  to  give  a 
full  account  of  the  theory  of  the  subject  and  of  the  instruments  used, 
but  only  to  deal  briefly  with  the  more  immediately  relevant  points. 
For  more  detailed  accounts  see  Snell  and  Snell  (1948)  and  Vogel 
(1951).  For  photoelectric  colorimetry  see  Lothian  (1949)  Delory 
(1949),  King  (1942),  and  Muller  (1939).  In  addition  full  descriptions 
of  the  instruments  referred  to  below,  with  accounts  of  the  method  of 
using  them,  are  usually  available  from  the  manufacturers.  We  shall 
consider  in  turn  methods  of  direct  visual  comparison,  visual  colori¬ 
meters,  and  photoelectric  instruments. 


Visual  Comparison 

One  of  the  simplest  methods,  which  can  be  used  when  no  instru¬ 
ment  is  available,  is  to  match  the  unknown  against  a  set  of  standards, 
using  test  tubes  of  similar  diameter.  Values  intermediate  between 
successive  standards  can  be  assessed.  The  accuracy  clearly  depends 
on  the  number  of  standards  used.  If  a  series  of  standards  has  to  be 
prepared  each  time,  the  method  is  more  troublesome  than  the  use  of 
an  instrument,  but  if  a  set  of  standards  can  be  kept,  the  method  is 
convenient  and  can  give  results  which  are  sufficientlv  aeeurate  for 
clinical  purposes  in  many  cases.  This  principle  is  used  in  the 
Lotibond  Comparator  m  which  the  eoloured  solution  is  eompared  with 
permanent  standard  dises  comprising  a  series  of  coloured  glasses 
These  are  available  for  most  of  the  commoner  methods  used^ in  the 

hospital  laboratory.  For  a  full  list  of  these  see  for  example  Messrs 
British  Drug  Houses’  catalogue.  ^  -'lessrs. 

Another  simple  method  is  the  dilution  method.  In  this  ease  a 
tandard  IS  prepared  and  the  standard  or  the  unknown  diluted  unfd 

Zd  et  ■" observed  in  similar  test  tubZ  w  he 
Z  ooncentration  of  the  unknown  can  be  easily  ealen- 
ted  from  the  amount  of  dilution  reoiiirf^rl  T'Uio  ■  i  ^ 

Visual  Colorimeters 

-dod  b!^ proZer’L^Jm^enir^  ’j^rsot'iree'^rf'h^lTt^ZZ 
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in  the  base  of  the  eolorimeter  so  that  light  passes  vertieally  in  equal 
intensity  through  two  eups,  the  sides  of  whieh  are  opacjue  and  the 
base  transparent.  Eaeh  eup  stands  on  a  small  platform  whieh  ean 
be  moved  up  and  down.  The  eujjs  eontain  the  standard  and 
unknown  solutions  respeetively.  Into  eaeh  eup  dips  a  eylindrieal 
])hmger  trans])arent  at  the  bottom  and  top  but  otherwise  opaque, 
liy  moving  the  cups  up  and  down  it  is  thus  possible  to  vary  the  depth 
of  coloured  solution  through  which  the  light  passes.  The  plunger 
carriers  arc  provided  with  graduated  scales  so  that  the  depths  of 

solution  viewed  can  be  read.  The 
zero  of  these  corresponds  to  the 
point  at  which  the  plunger  just 
reaches  to  the  bottom  of  the  cup. 
After  passing  through  the  coloured 
licpiids  and  the  plungers,  the  two 
beams  of  light  are  brought  by  a 
])rism  into  the  eyepiece  so  that 
they  can  be  observed  together, 
each  forming  half  of  the  circular 
area  of  colour  seen  there.  A  well- 
known  example  of  this  type  of 
instrument  is  the  Duboscq  colori¬ 
meter.  Messrs.  Baird  and  Tatlock’s 
mieroptic  eolorimeter  is  shown  in 
Fig.  6. 

The  fundamental  law  on  which 
visual  colorimetry  is  based  is  Beer’s 
law,  which  states  that  the  inten¬ 
sity  of  colour  of  a  solution  when 
viewed  by  transmitted  light  de¬ 
pends  on  the  number  of  coloured 
particles  present,  independently 
of  their  concentration.  From  this 
it  follows  that  the  same  amount  of 
colour  is  seen  for  example  when  a 
10  per  cent,  solution  is  viewed 
through  a  depth  of  4  cm.  as  when 
a  20  per  cent,  solution  is  viewed 
through  2  cm.,  that  is  the  intensity 
of  the  colour  seen  is  proportional  to  the  concentration  of  the  substance  {c) 
multiplied  by  the  depth  of  the  solution  (/).  From  this  it  fo  lows  that 
when  two  solutions  of  a  substance  viewed  by  transmitted  light  have 
the  same  intensity  of  colour 


Kio.  «.  The  Mieroptic  Colorimeter 
(Messrs.  Haird  and  Tatlock). 


Cj  — 
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lienee  if  we  introduce  a  suitable  standard  into  one  eup  and  the 
unknown  into  the  other,  adjust  the  platforms 

and  then  read  the  depths  of  solution  through  which  the  light  is 
passing. 
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Concentration  of  standard  X  Heading  of  standard 

=  Concentration  of  nnknown  X  Heading  ot  nnkno^^n 

that  is, 

Concentration  of  unknown 

_  Reading  of  standard  ^  Concentration  of  standard. 

Reading  of  unknown 

The  maximum  depth  of  liquid  which  can  be  viewed  in  ordinary 
instruments  is  40-50  mm.  It  is  a  common  practice  to  set  the 
unknown  at  20  or  30  mm.  and  move  the  standard  up  and  down  until 
the  two  solutions  match.  This  simplifies  the  calculation  since  a 
simple  denominator  is  obtained. 

In  making  the  actual  reading  it  is  best  to  approach  the  point  of 
matching  from  both  sides,  and  to  take  several  readings  of  which  the 
average  is  calculated.  It  is  not  possible  to  eliminate  the  personal 
element  completely. 

A  standard  should  be  used  which  does  not  differ  widely  from  the 
unknown.  The  ratio  of  the  two  colours  should  be  less  than  2  :  1 
and  the  intensity  of  colour  chosen  for  the  matching  should  be  one 
which  is  sensitive  to  small  changes  in  depth  of  solution. 

The  instrument  should  be  checked  to  see  that  the  zero  reading 
corresponds  to  the  point  at  which  the  plunger  just  touches  the  bottom 
of  the  eup.  The  cups  and  plungers  must  be  kept  perfectly  clean.  It 
is  a  good  practice  to  keep  distilled  water  in  the  cups  when  they  are  not 
in  use.  When  using,  care  should  be  taken  not  to  put  too  much 
liquid  in  the  cup  or  some  may  overflow.  Enough  liquid  to  fill  the 
narrow  part  of  the  cup  is  sufficient.  Finally  it  is  necessary  to  make 
sure  the  plungers  dip  beneath  the  surface  of  the  liquids  when  the 
readings  are  taken,  and  that  a  small  air  bubble  is  not  trapped  under 
the  plunger. 


Photoelectric  Colorimetry 

The  instruments  used  for  this  are  not  colorimeters  but  absorptio- 
meters,  since  it  is  the  amount  of  light  absorbed  which  is  measured  as 
will  be  evident  when  the  method  of  using  them  is  discussed.  The 
essential  parts  are  : — 

1.  A  source  of  light.  The  intensity  of  this  differs  considerably  in 
the  various  instruments. 


2.  A  means  of  selecting  a  sufficiently  narrow  wave  band.  In  most 
instruments  in  use  to-day  filters  are  used  for  this  purpose,  but  in  some 
a  diffraction  grating  is  employed,  and  in  others  a  prism.  For  really 
satisfactory  work  approximately  monochromatic  light  is  required. 

3.  Cells  to  hold  the  coloured  solutions.  Test  tubes  are  used  in 
some  of  the  simpler  instruments.  They  must  be  interchangeable. 
VMnlst  perhaps  more  convenient,  they  are  not  so  satisfactorv  as  the 
cuvettes  with  two  parallel  flat  sides. 

4.  A  photosensitive  element.  Most  instruments  use  one  or  two 
barrier  layer  cells.  In  these  a  thin  layer  of  selenium  is  deposited  on  to 

metal  disc,  and  is  itself  covered  by  a  thin  transparent  laver  of 
metal  laequered  except  for  a  thicker  part  near  the  periphery  from 
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which  a  connection  is  made  to  tlie  galvanometer.  The  other 
terminal  of  the  galvanometer  is  connected  to  the  back  of  the  metal 
disc.  The  light  passes  through  the  thin  metal  layer  to  the  layer 
of  selenium  beneath.  Here  it  liberates  electrons  which  pass  across  the 
“  barrier  ”  between  the  selenium  and  the  thin  metal  layer,  which 
thus  becomes  negatively  charged  and  the  thicker  metal  disc  posi¬ 
tively  charged.  If  a  galvanometer  is  connected  across  this  cell  a 
current  passes,  the  strength  of  which  is  proportional  to  the  intensity 
of  the  light  falling  on  to  the  selenium.  Among  such  cells  is  the  EEL 
cell  of  Evans  Electroselenium  Ltd.,  which  is  sensitive  to  the  visible 
spectrum.  A  range  of  cells  sensitive  to  various  regions  of  the 
spectrum  is  made  by  Megatron  Ltd. 

Other  instruments  use  photoemissive  tubes.  These  are  similar  in 
appearance  to  radio  valves  and  are  composed  of  a  glass  tube,  either 
evacuated  or  containing  an  inert  gas  at  low  pressure,  in  which  there 
are  two  elements,  a  cathode  formed  from  a  half  cylinder  metal  plate 
coated  on  the  inner  surface  with  a  light  sensitive  substance  such  as 
potassium  or  caesium  oxide,  and  a  thin  wire  along  the  axis  of  the 
cylinder  as  anode  for  collecting  the  electrons  emitted.  Unlike  the 
selenium  cell  which  needs  no  external  source  of  current,  a  potential 
has  to  be  maintained  at  this  anode  for  which  purpose  a  battery 
supplying  30-100  volts  is  usually  employed.  The  current  from  the 
phototube  is  smaller  than  that  from  the  selenium  cell  but  can  be 
readily  amplified,  whereas  in  most  cases  that  from  the  barrier  layer 
cell  cannot  but  is,  however,  usually  large  enough  to  be  read  satis¬ 
factorily.  Phototubes  can  be  obtained  sensitive  to  wavelengths  well 
beyond  both  ends  of  the  visible  spectrum,  and  they  are  free  from 
some  of  the  faults  of  the  selenium  cell. 

5.  A  suitable  means  of  measuring  the  output  of  the  photo¬ 
sensitive  element.  In  most  instruments  a  sensitive  galvanometer  is 
used. 

It  will  be  seen  that  a  variety  of  instruments  is  available.  A  con¬ 
venient  division  is  according  to  w'hether  the  instrument  has  one  or 
two  photosensitive  elements.  A  further  important  distinction  arises 
from  the  means  used  to  obtain  monochromatic  light. 

1.  Single  Cell  Instruments.  In  these  the  current  produced  is 
measured  directly  on  the  galvanometer.  A  low  level  of  illumination, 
usually  6  or  12  volts  (but  in  the  case  of  the  EEL  Portable  Colorimeter, 
of  only  2-2  volts),  and  a  galvanometer  of  low  resistance  in  the  circuit 
external  to  the  cell  are  necessary  if  there  is  to  be  a  straight  line 
relationship  between  the  intensity  of  the  light  falling  on  to  the  cell 
and  the  amount  of  current  produced.  A  constant  voltage  trans¬ 
former  must  be  used  to  remove  iluctuations  in  the  mains  current 
employed  as  power  for  the  source  of  light.  Examples  of  this  type  of 


iiistrum0iit  3-r0 

(a)  Using  Filters.  The  EEL  Portable  Colorimeter  and  the  EEL 
Absorptiometer  made  by  Evans  Electroselenium  Ltd.  ;  the  Biochem 
Absorptiometer  of  Hilger  &  Watts  Ltd.  ;  and  in  the  U.S.A.  the  Evelyn 

photoelectric  colorimeter.  ,  ,  .  ^ 

(b)  Using  a  Diffraetion  Grating.  The  Unicam  spectrophotometer 
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made  bv  the  Unieam  Ltd.,  C'ambridge,  whieli  i)rovides  a  waveband 
millimierons  wide;  in  the  U.S.A.  tlie  Coleman  Junior  speetro- 
pImKm.cter.  I.i  this  typo  the  part  of  tlio  spectrin.,  required  cai.  he 
selected  by  iiioviiig  a  ilial  calibrated  in  wavedengtlis.  bor  the  visible 
siieetrimrthis  is  400  700  millimierons. 

2.  Double  Cell  Instruments.  In  these,  two  elosely  matchecl 
selenium  eells  are  balaneed  against  eaeh  other  so  that  no  current 
passes  through  the  galvanometer  when  the  actual  reading  is  being 
made.  Fluctuations  in  the  mains  supply  affect  each  side  equally 
and  so  can  be  ignored.  The  best  example  in  this  country  is  the 
Spekker  absorptiometer  of  Hilger  &  ^^atts  Ltd.  In  the  U.S.A. 
there  is  the  Klett-Summerson  made  by  the  Klett  Company.  The 
circuits  for  these  are  outlined  in  tig.  7.  In  the  Klett  Sumnierson 
(Fig.  7a)  the  potentials  developed  across  the  resistances  in  circuits  A 
and  B  by  the  currents  flowing  through  them  are  balanced  against 
each  other.  The  resistance  in  circuit  A  consists  of  a  potentiometer 
with  a  calibrated  dial.  By  varying  this  resistance  it  is  possible  to 
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Fig.  7.  Circuits  of  Double-Cell  Absorptiometers. 


counterbalance  the  effect  of  changes  in  the  current  flowing  in  circuit  B 
arising  from  differences  in  the  amount  of  light  absorbed  by  the 
coloured  solutions.  The  readings  on  the  dial  are  usually  in  optical 
densities.  In  the  Spekker  (Fig.  7b)  a  calibrated  drum  (also  in 
optical  densities)  placed  in  front  of  the  cuvette  into  which  the 
coloured  solutions  are  placed,  varies  the  amount  of  light  which  passes 
through.  How  these  instruments  are  used  will  be  referred  to  later. 

In  addition  there  are  available  spectrophotometers  which  read  both 
in  the  visible  spectrum  and  in  the  ultraviolet.  Examples  are  the 
Unieam  ultraviolet  spectrophotometer,  the  Hilger  Uvispek,  and  in 
the  U.S.A.  the  Coleman  universal  and  Beckmann  spectrophotometers. 
Two  light  sources  are  necessary,  one  for  the  visible  and  red  regions, 
and  one  for  the  ultraviolet.  The  Unieam  uses  a  tungsten  filament 
lamp  and  a  hydrogen  discharge  lamp  respectively.  As  monochromator 
a  quartz  prism  is  used.  The  range  of  wave-length  covered  is  200-1 ,010 
millimicrons.  Two  photocells  are  employed,  a  red  sensitive  for' use 
from  1010-600  millimicrons  and  one  sensitive  to  the  ultraviolet  for 
the  range  625-200  millimicrons. 
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We  shall  now  consider  briefly  the  use  of  these  instruments.  When 
light  passes  through  a  coloured  solution  some  of  the  light  is  absorbed. 

le  two  Inndamental  laws  which  express  quantitatively  the  extent 
ot  this  absorption  are  those  of  Lambert  and  Beer.  From  these  is 
derived  the  equation 


in  which 


e-ket 


^ K  ~  intensity  of  the  emergent  light, 

Iq  =  intensity  of  the  incident  light, 

A;  =  a  constant, 

c  =  concentration  of  coloured  substance, 
t  =  thickness  of  the  layer  of  solution, 

^  =  2‘718,  the  base  of  natural  or  Naperian  logarithms. 
This  states  that  when  monochromatic  light  passes  through  a  coloured 
solution  the  amount  of  light  transmitted  decreases  exponentially 
(«)  with  increase  in  thickness  of  the  layer  of  solution  through  which 
the  light  passes,  and  {b)  with  increase  in  concentration  of  the  coloured 
substance.  The  first  of  these  follows  from  Lambert’s  law  which 
states  that  the  proportion  of  the  light  absorbed  is  independent  of  the 
intensity  of  light  entering  the  solution.  The  same  proportion  of 
light  entering  it  is  thus  absorbed  by  each  successive  layer.  The 
second  (b)  follow^s  from  Beer’s  law  stated  earlier  (p.  18). 

The  ratio  /^./Zo  is  known  as  the  transmission  (T).  Hence 

T  =  e- 

or  log^r  =  —  ket 

or  —  log^T  =  ket 

or  —  log  JO  2’  =  Ket 

Where  K  is  another  constant. 


The  quantity  —log  T  or  log  (1/T)  is  termed  the  optical  density  (D) 
or  the  extinction  (E). 

When  using  photoelectric  instruments  we  substitute  the  solvent 
or  a  blank  for  the  coloured  test  solution  and  measure  the  intensity 
of  the  emergent  light  from  either  of  these.  This  can  be  denoted 
and  is  substituted  for  /„  to  give 


has  been  termed  the  transmittance. 

Some  photoelectric  instruments  are  provided  with  two  scales,  one 
from  0  to  100  showing  percentage  transmission  (or  transmittance),  the 
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Fig.  8.  Scales  used  on  Photoelectric  Instruments. 
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other  from  oo  to  0  showing  the  optical  density.  These  are  shown  m 
Fig.  8.  It  will  be  seen  that  while  the  first  is  linear,  the  latter  is 
logarithmic  and  that  the  optical  density  and  the  per  cent,  trans¬ 
mission  are  related 


or 


D 

I) 


=  log 


100 


per  cent,  transmission 
2  —  log  per  cent,  transmission. 


In  practice  the  instrument  is  usually  set  for  100  per  cent,  trans¬ 
mission  or  optical  density  0  with  water  or  a  blank  in  position.  The 
test  solution  is  then  introduced  and  the  optical  density  again  read. 
Since  D  =  —  log  T 

D  =  Kct. 


So  if  the  thickness  remains  the  same  I)  is  proportional  to  the  con¬ 
centration.  As  a  result,  provided  Beer’s  law  is  obeyed,  when 
optieal  density  is  plotted  against  concentration  a  straight  line  is 
obtained.  On  the  other  hand,  if  per  cent,  transmission  is  read,  as  it 
is  in  some  instruments,  and  is  plotted  against  concentration,  we  do 
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Fig.  9.  Graphs  showing  the  Relationship  between  Concentration  and 
Optical  Density,  and  between  Concentration  and  Transmission. 


not  get  a  straight  line  but  a  curve  as  shown  in  Fig.  9.  To  convert 
this  into  a  straight  line  semilogarithmic  paper  must  be  used  with  the 
concentration  axis  linear  and  the  per  cent,  transmission  logarithmic. 

if  a  suitable  standard  is  prepared  and  the  optical 
densities  of  this  and  the  unknown  solution  are  read,  we  have 


Con^ntration^of  unknown  ^  Optical  density  of  unknown 
Concentration  of  standard  Optical  densitJ^standard- 


Concentration  of  unknown 

_  Optical  density  of  unknown 

Optical  density  of  standard  ^  Concentration  of  standard. 


Throughout  this  book  this  has  been  expressed  : 
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Concentration  of  unknown 
__  Reading  of  unknown 

“  R^dhigVf^andS  C  oncentration  of  standard. 

This  should  be  compared  with  the  formula  used  with  the  visual 
colorimeter.  It  will  be  seen  that  the  fraction  is  reversed  for  the 
latter.  An  example  is  given  on  pp.  31-2. 

Since  this  formula  only  holds  v^ien  Beer’s  law  is  obeyed,  this  should 
be  verified  by  preparing  a  standard  eurve  for  the  range  of  coneentra- 
tions  covered  by  the  determination.  Examples  are  given  throughout 
the  book.  If  this  standard  curve  is  not  a  straight  line  a  standard 
close  in  eolour  to  the  unknown  should  be  prepared. 

It  is  emphasized  that  for  aceurate  work  a  standard  should  be  put 
up  with  each  set  of  determinations.  See  Archibald  (1950)  and  Henry 
and  Segalove  (1952).  Many  factors  both  in  the  reaetion  itself  and 
in  the  behaviour  of  the  photoeleetric  instrument  operate  to  cause 
slight  variations  in  the  intensity  of  the  colour  produced  at  different 
times.  These  may  sometimes  add  up  to  appreciable  errors.  Henry 
and  Segalove  discuss  the  question  of  recording  daily  or  successive 
readings  of  the  standard  used  so  that  the  range  of  variation  can  be 
studied.  From  such  charts  we  can  see  whether  this  is  greater  than 
is  desirable  if  the  required  precision  for  the  particular  determination 
is  to  be  achieved.  Furthermore,  trends  in  the  reading  of  the  standard 
may  then  be  noted  before  they  become  serious.  In  certain  circum¬ 
stances,  for  example  when  a  standard  substance  is  difficult  to  obtain, 
it  may  be  necessary  to  rely  on  a  standard  curve  prepared  previously. 
Evidence  that  the  instrument  is  behaving  consistently  can  be 
obtained  if  it  is  known  that  standards  of  approximately  the  same 
eolour  which  are  being  used  for  other  determinations  are  giving 
readings  agreeing  closely  with  those  obtained  on  previous  occasions. 

In  using  photoelectric  instruments  satisfactory  results  are  only 
obtained  within  a  range  of  optical  density  from  about  0-1  to  1-0 
(better  still  between  0-2  and  0-7),  so  that  the  determination  should 
be  adapted  to  give  a  range  the  upper  limit  of  which  falls  below  the 
greater  of  these  figures.  Different  instruments  give  readings  of 
optical  density  which  differ  to  a  certain  extent. 

Use  of  Blanks.  As  already  stated,  in  most  cases  a  blank  is  prepared. 
With  single  cell  instruments  this  is  used  to  set  for  100  per  cent, 
transmission,  that  is  optical  density  0.  The  blank  is  then  replaced 
in  turn  by  the  standard  and  the  unknowns  and  the  optical  densities 
of  these  read.  When  reading  a  series  of  solutions  it  is  advisable  to 
check  the  1 00  per  cent,  transmission  setting  at  intervals.  With  two 
cell  instruments  a  slightly  different  procedure  is  adopted.  Thus  in  the 
Klett-Summerson  type  of  instrument  water  is  placed  in  both  cuvettes 
and  the  galvanometer  brought  to  zero  thus  setting  the  instrument 
for  100  per  cent,  transmission.  The  unknowns  and  standard  arc 
then  read  in  turn  against  the  blank.  With  the  Spekkcr  absorptio- 
meter  adjustments  are  made  so  that  the  galvanometer  is  at  zero  when 
the  coloured  solution  is  in  position  with  the  calibrated  drum  fully 
opened  and  thus  reading  0.  The  other  cell  contains  water.  The 
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coloured  solution  is  then  replaced  by  the  blank.  More  light  passes. 
The  galvanometer  is  brought  back  to  the  zero  by  moving  the  cali¬ 
brated  drum  so  as  to  admit  less  light.  The  reading  on  the  drum  then 
corresponds  to  the  amount  of  light  previously  absorbed  by  the 
eoloured  solution.  A  series  of  solutions  can  be  read  in  turn  if  the 
most  intensely  coloured  is  put  in  first.  Uaeh  reading  has  then  to  be 
subtracted  from  the  reading  of  the  blank. 

In  some  cases  it  is  necessary  to  put  up  two  blanks,  one  to  read  the 
standard  against,  the  other  a  full  reagent  blank  to  read  the  unknowns 
against.  Alternatively  the  standard,  the  unknowns,  and  the  reagent 
blank  ean  be  read  against  the  standard  blank  and  the  reading  of  the 
reagent  blank  subtracted  from  the  reading  of  the  unknown.  An 
example  is  provided  by  the  urease-nesslerisation  method  for  deter¬ 
mining  blood  urea  given  on  p.  105.  In  this  a  standard  ammonium 
sulphate  solution  is  treated  with  Nessler’s  reagent,  the  blank  being 
prepared  by  treating  ammonia-free  water  in  the  same  way.  The 
reagent  blank  is  prepared  by  earrying  out  the  full  test,  but  substi¬ 
tuting  water  for  the  blood.  If  standards  are  prepared  by  carrying 
out  tlie  full  determination,  for  example  in  this  case  on  solutions  of 
known  urea  eontent,  only  a  reagent  blank  need  be  prepared.  In 
some  determinations  the  standard  blank  and  the  reagent  blank 
are  identieal.  In  the  urease-nesslerisation  method  this  is  so  if  the 
reagents  used  are  all  ammonia-free.  Then  only  a  standard  blank 
need  be  prepared.  In  other  determinations  the  standard  blank  may 
give  the  same  reading  as  water  so  that  the  setting  ean  be  made  with 
water.  These  points  should  be  borne  in  mind  in  all  the  eolorimetric 
methods  described. 

Filters.  Ilford  spectrum  filters  (603-609)  and  bright  spectrum 
filters  (621-626)  are  widely  used.  These  are  of  gelatin  containing 
suitable  dyes.  Curves  which  show  the  percentage  transmission  at 
different  wave-lengths  for  these  filters  are  given  in  Fig.  10.  It  Avill 
l)c  seen  that  maximum  transmission  of  the  spectrum  filters  is  as 
follows  : 
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The  curves  also  show  that  these  filters  have  narrow  transmission 
Oancts  and  so  transmit  approximately  monoehromatic  liaht 
Sometimes  it  is  necessary  in  order  to  get  full  scale  delUction  of  the 
gMhanometer  to  use  filters  with  a  broader  wave  band  so  that  thev 

blur"l‘in  ‘‘"'“■'S  Ilford  filters  arc  :  Minus 

e.  110  ,  mums  red,  802  ;  minus  green,  50,3  ;  tricolour  red  204  • 
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FTg.  10.  Transmission  Curves  of  Ilford  Spectrum  Filters  and  Bright 

Spectrum  Filters. 

(Abscissae  X  10  =  millimicrons.) 

tricolour  blue,  304  ;  tricolour  green,  404.  This  latter  and  narrow 
cut  tricolour  red,  205,  and  a  blue  filter  miero  2,  No.  303,  are  supplied 
with  the  EEL  Portable  Colorimeter.  The  per  cent,  transmission 
curves  for  these  filters  are  shown  in  Fig.  11.  Tables  giving  the 
per  cent,  transmission  of  Ilford  filters  for  all  wave-lengths  from 
350-720  millimicrons  are  given  in  the  booklet  “  Ilford  Filters,” 
published  by  Ilford  Ltd. 

Other  filters  used  have  included  the  Chance  All  Glass  filters. 

In  selecting  an  appropriate  filter  two  conditions  should,  if  possible, 
be  fulfilled.  The  wave-length  ehosen  should  be  such  that  there  is  a 
straight-line  relationship  between  optical  density  and  coneentration, 
and  secondly  the  rate  of  change  of  optical  density  with  eoneentration, 
that  is  the  gradient  of  the  line,  should  be  great  enough  to  give  the 
required  sensitivity. 
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Although  there  are  oecasional  exceptions,  in  general  the  filter  used 
is  that  which  allows  niaxinium  absor])tion  for  the  colour  produced  in 
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Fig.  11.  Transmission  Curves  of  Ilford  Filters  used  with  the  EEL  Portable 

Colorimeter. 

(Abscissae  x  10  =  millimicrons.) 


the  determination.  This  is  usually  the  complementary  colour.  Thus 
for  red  to  orange  we  use  blue  to  blue  green  filters,  for  green  a  red  filter, 
for  blue  a  red  filter,  for  purple  a  green  filter,  for  yellow  a  violet  filter! 
If  the  absorption  is  measured  with  each  of  the  range  of  filters  in 
position,  we  obtain  an  absorption  curve,  an  example  of  which  is  shown 


tbJi  can  be  foJn™'  To^tesf  absorp- 

curve  can  be  pu"  up  eoverin  J  tL'" 

simpler  method  is  to  i>iif  iih  i  ‘  ®^®^^®“^^atration  required.  A 
‘  '  *°  “I'  “"'y  t«o  solutions,  one  corresponding 
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to  the  maximum  concentration  it  is  desired  to  measure,  the  other  half 
this  concentration.  The  optical  density  of  the  second  should  be  half 
that  of  the  first. 

If  an  instrument  with  a.  diflraction  grating  is  being  used  the 
procedure  is  similar.  An  absorption  curve  can  be  prepared  by 
reading  the  optical  density  at  intervals  of  20  millimicrons  over  the 
range  covered  by  the  instrument  (ordinarily  400-700  millimicrons). 
Ihe  wave-length  of  maximum  absorption  is  thus  obtained  and  its 
suitability  checked  as  described  above  for  the  filter  chosen  in  the 
same  way. 

Note  on  the  Volume  of  Liquid  Used.  The  depth  of  liquid  ordinarily 
used  in  these  instruments  is  1  cm.  The  volume  of  liquid  required  to 
give  this  differs  appreciably  in  the  various  instruments  mentioned, 
but  is  usually  between  3  and  8  ml.  In  most  cases  the  methods 
described  later  can  be  easily  adapted  to  give  the  required  volume. 
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cnArTER  II 


BLOOD  SUGAR  AND  ITS  DETERMINATION 

Since  the  introduction  of  insulin  for  the  treatment  of  diabetes 
mellitus,  the  determination  of  blood  sugar  has  been  one  of  the  tests 
most  frequently  carried  out  in  the  biochemical  laboratory.  The 
great  majority  of  methods  are  done  in  three  stages: 

1.  Precipitation  of  the  blood  proteins. 

2.  Reduction  by  the  glucose,  either  of  an  alkaline  copper  sulphate 
solution  to  cuprous  oxide,  or  of  alkaline  potassium  ferricyanide  to 
ferrocyanide. 

3.  Estimation  of  the  amount  of  such  reduction  and  thus  of  the 
amount  of  glucose  present,  either  iodometrically  or  colorimetrically. 

Non-glucose  Reducing  Substances 

These  are  present  in  blood  up  to  an  amount  equivalent  to  20  to 
30  mg.  glucose  per  100  ml.  of  blood.  Glutathione  is  the  most  impor¬ 
tant  of  these  substances,  which  are  present  mainly  in  the  cells.  The 
different  blood  sugar  methods  include  varying  amounts.  The  method 
of  precipitating  the  proteins,  and  the  nature  of  the  alkaline  copper  or 
ferricyanide  reagent  used,  are  important  in  determining  the  amount 
included  in  the  glucose  estimation.  Determination  of  true  glucose 
does  not  include  any.  It  is  claimed  that  such  a  value  is  given  if  the 
blood  is  placed  directly  into  an  isotonic  sodium  sulphate-copper 
sulphate  solution  in  which  the  cells  are  not  haemolysed.  Diffusible 
substances  pass  into  the  solution  whereas  on  adding  the  protein 
precipitant  the  cell  envelopes,  which  contain  most  of  the  non-glucose 
reducing  substances,  are  carried  down  with  the  precipitate  (Folin, 
1930;  Herbert  and  Bourne,  1930  ;  King  and  Pillai  and  Beale,  1941). 
Benedict  (1931,  a),  however,  argues  in  favour  of  using  whole  blood. 
He  has  produced  a  reagent  almost  unaffected  by  these  non-glucose 
reducing  substances  and  claims  that  his  method  estimates  true 
glucose  in  whole  blood  (Benedict,  1931,  b  ;  see  also  Sunderman  and 
Fuller,  1951). 


Glycolysis 

Glucose  disappears  fairly  rapidly  from  whole  blood  on  standing, 
so  that  half  the  glucose  may  be  lost  in  two  to  three  hours.  Tins  ts 

due  to  its  conversion  into  lactic  acid  CeHigOg  - >  2  CallgO  a 

process,  known  as  glycolysis,  which  occurs  even  in  sterile  blood. 
This  can  be  prevented  by  adding  sodium  fluoride  to  the  anticoagulant. 
A  mixture  of  sodium  fluoride  and  potassium  oxalate  in  the  proportion 
of  one  part  to  three  parts  will  prevent  any  loss  of  glucose  for  two  to 
three  days,  so  that  such  blood  can  be  sent  through  the  post.  An 
excess  should  not  be  used,  since  it  may  interfere  with  the  estimation 
twenty  milligrams  of  the  mixture  per  5  ml.  of  blood  is  adequate! 
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When  capillary  blood  is  used  this  is  j)laccd  immediately  into  a 
solution  which  precipitates  the  protein.  When  this  has  been  done 
there  is  no  further  possibility  of  glycolysis  occurring.  Blood  placed 
into  the  isotonic  sodium  sulphate-copper  sulphate  solution  referred 
to  above  and  described  p.  33,  will  also  maintain  its  glucose  content 
for  at  least  forty-eight  hours. 

Determination  of  Blood  Sugar 

Since  the  estimation  of  blood  sugar  is  so  frequently  carried  out  and 
there  are  a  number  of  methods  in  use  satisfactory  for  ordinary 
routine  work,  several  of  these  will  be  described. 

The  literature  on  the  estimation  of  blood  sugar  is  very  considerable. 
Among  the  leading  workers  are  P’olin,  Benedict  and  Somogyi  in 
America,  whilst  in  England,  King  has  made  several  contributions  to 
the  subject.  A  number  of  references  will  be  given,  and  it  is  to  these 
that  the  reader  is  referred  if  he  desires  to  learn  more  of  the  considera¬ 
tions  which  have  led  to  the  numerous  modifications  in  reagents  and 
techniques  which  have  been  suggested. 

We  shall  consider  first  some  of  the  colorimetric  methods  which 
have  been  used.  Although  both  copper  and  ferricyanide  methods 
have  been  adapted  for  this  purpose,  the  former  have  been  more 
frequently  used.  The  copper  method  originally  described  by  Folin, 
either  in  its  first  form  or  in  subsequent  modifications,  has  been  and 
continues  to  be,  the  most  widely  used  of  all  blood  sugar  methods. 
The  original  technique  is  still  used  in  many  laboratories  and  so  will 
be  given  first  and  then  will  be  followed  by  some  of  the  later  modifi¬ 
cations  and  adaptations. 

Method  of  Folin  and  Wu  (P’olin  and  Wu,  1920) 

Slightly  modified  and  adapted  for  the  use  of  capillary  blood. 

Proteins  are  removed  by  the  standard  Folin- Wu  tungstic  acid 
precipitation.  This  is  followed  by  reduction  of  an  alkaline  copper 
solution,  the  amount  of  ciqirous  coj)per  formed  being  estimated 
colorimetrically  by  means  of  the  blue  colour  obtained  on  addition  of 
Folin’s  phosphomolybdic  acid  reagent. 

Reagents.  1.  Sodium  tungstate,  10  per  cent,  solution.  Dissolve 
10  grams  of  Na2W04,  2H2O  in  water  and  make  up  to  100  ml. 

2.  Sulphuric  acid,  2/3  N.  (see  p.  8). 

3.  Alkaline  copper  solution.  Dissolve  40  grams  of  sodium  car¬ 
bonate  (anhydrous)  in  about  400  ml.  of  water  in  a  litre  volumetric 
flask.  Add  7‘5  grams  of  tartaric  acid.  When  this  has  dissolved, 
add  slowly,  with  shaking,  4-5  grams  of  copper  sulphate  (CUSO4,  5H2O) 
previously  dissolved  in  about  100  nd.  water.  Mix,  make  to  the  mark 
with  water,  and  mix  again.  If  a  sediment  forms  on  keeping,  remove 

by  filtering  or  decant  the  supernatant  fluid. 

4.  Phosphomolybdic  acid  reagent.  Dissolve  35  granis  of  molybdic 
acid  and  5  grams  of  sodium  tungstate  in  200  ml.  of  10  per  cent,  sodium 
hvdroxide  and  200  ml.  of  water  and  boil  to  remove  ammonia  present 
in  the  molybdic  acid.  This  usually  takes  up  to  thirty  to  forty 
minutes.  Cool,  transfer  with  washing  to  a  500-ml.  flask,  thus  diluting 
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to  about  350  ml.  Then  add  125  ml.  of  phosphoric  acid  (S.G.  U75) 

and  make  to  500  ml.  with  water. 

5.  Stock  standard  glucose  solution,  0-1  per  cent.  Dissolve  100  mg. 
of  pure  glucose  in  saturated  benzoic  acid  solution  (0-25  per  cent.)  and 
make  up  to  100  ml.  with  the  benzoic  acid. 

6.  Standard  glucose  solutions  for  use.  Prepare  : 

{a)  A  solution  containing  0-025  mg.  per  ml.  by  diluting  2-5  ml.  of 
stock  standard  to  100  ml.  with  the  benzoic  acid. 

(b)  A  solution  containing  0-05  mg.  per  ml.  by  diluting  5-0  ml.  of 
stock  standard  to  100  ml.  with  the  benzoic  acid. 

Technique.  Take  0-1  ml.  of  capillary  blood  and  place  into  3-5  ml. 
of  water,  washing  out  the  blood  by  sucking  the 
water  in  and  out  of  the  pipette  several  times. 

Add  immediately  0-2  ml.  of  10  per  cent,  sodium 
tungstate  and  0-2  ml.  2/3  N  sulphuric  acid,  , 
stand  a  few  minutes,  and  filter  or  centrifuge. 

Pipette  2  ml.  of  the  filtrate  (  =  0-05  ml.  of 
blood)  and  2  ml,  of  the  appropriate  standard 
into  Folin  tubes  (Fig.  13).  To  each  add  2  ml. 
of  the  alkaline  copper  solution  and  place  in  a 
bath  of  boiling  water  for  eight  minutes.  Then 
transfer  to  a  beaker  of  cold  water  for  one  to  two 
minutes.  Add  2  ml.  of  phosphomolybdic  acid 
reagent.  iMix,  and  after  standing  for  two 
minutes  dilute  to  the  12-5  ml.  mark  with  water. 

Compare  the  colours  in  the  colorimeter.  For  the 
photoelectric  colorimeter  put  up  a  blank  from 
2  ml.  of  water  and  2  ml.  of  alkaline  copper 
solution,  carrying  this  through  as  for  the  test. 

Set  the  colorimeter  with  this  when  using  one- 
celled  instruments,  read  the  unknown  against 
it  with  two-celled  ones.  Use  a  red  filter  or 
transmission  at  080  millimicrons. 

Calculation.  (a)  Photoelectric  Colorimeter. 
lor  use  with  each  batch  of  determinations, 
standard  {h)  is  suitable.  This  contains  0-1  mg. 
glucose  per  2  ml.  Hence  : 

Mg.  glucose  per  100  ml.  blood 


ml. 


(3 


13.  Folin  Sugar 
Tube. 
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_  Reading  of  unknown 
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For  results  over  about  300  and  up  to  600  mg.  per  100  ml.  dilute  the 
mal  eolour  to  the  25  ml.  mark,  and  make  the  neeessary  adjustment  in 
the  ealeulation.  For  higher  values  use  a  smaller  volume  of  filtrate, 
1  ml.  or  0’5  ml.  and  make  up  to  2  ml.  with  w’ater  before  adding  the 
alkaline  eopper  solution. 

{b)  F or  the  visual  colorimeter.  In  this  ease  it  is  best  to  set  up  both 
standards  (a)  and  (b)  given  above.  Then  : 

Mg.  glueose  per  100  ml.  blood 


Reading  of  stan'dard 
Reading  of  unknown 

Reading  of  standard 
Reading  of  unknown 


X  100  for  standard  (a). 
X  200  for  standard  {b). 


For  results  from  300  to  GOO  mg.  per  100  ml.  dilute  the  colour  to  the 
25  ml.  mark  and  make  the  necessary  allowance  in  the  calculation. 
For  higher  values  use  less  filtrate. 


NOTES 

1.  Use  of  the  Ordinary  Folin-Wu  Filtrate.  Since  this  is  a  1  in  10 

dilution  of  blood  instead  of  the  1  in  20  used  above,  take  1  ml.  with 
1  ml.  of  water,  add  2  ml.  alkaline  copper  solution  and  proceed  as 
described  above.  ' 

2.  The  special  Folin  tube  is  designed  to  minimize  re-oxidation 
of  the  cuprous  oxide  formed.  The  surface  of  the  liquid  during 
the  reduction  should  be  in  the  narrow  part  of  the  tube,  thus  exposing 
only  a  small  surface  to  the  air. 

3.  The  tartrate  is  used  to  hold  the  copper  in  solution,  but  the 
greater  the  amount  of  tartrate  present,  the  greater  the  tendency  for 
self-reduction  to  occur.  It  is  to  prevent  this  that  in  later  modifica¬ 
tions  the  reagent  was  prepared  in  two  separate  solutions  to  be  mixed 
freshly  for  use. 

4.  Modifications  (Folin,  1926,  1929).  (a)  2'he  alkaline  copper 

solution.  Prepare  two  solutions  ; 

Solution  A.  Place  35  grams  of  anhydrous  sodium  carbonate 
in  a  litre  volumetric  flask,  add  200  ml.  of  water  and  shake  to 
dissolve.  Add  13  grams  of  sodium  tartrate  and  11  grams  of 
sodium  bicarbonate  and  water  to  800  ml.  When  dissolved, 
make  up  to  the  mark. 

Solution  B.  Five  per  cent,  eopper  sulphate  (CUSO4,  5H2O) 
containing  a  drop  of  concentrated  sulphuric  acid. 

Prepare  freshly  for  use  by  adding  5  ml.  of  B  to  about  25  ml.  of  A 
in  a  50-nil.  volumetric  flask  or  stoppered  cylinder  and  make  to  the 
mark  with  solution  A.  This  will  keep  for  a  few  days  in  the  ice  chest. 

{b)  The  Phosphomolybdic  Acid  Reagent.  For  rapid  preparation  of 
a  modilied  reagent  dissolve  40  grams  of  sodium  molybtlate  in  about 
100  ml.  of  water  in  a  500-ml.  beaker.  Some  turbidity  may  remain. 
Add,  with  stirring,  55  ml.  of  85  per  cent,  phosphoric  acid,  40  ml.  of 
25  per  cent,  (v/v)  suli)huric  acid  and  20  ml.  of  99  per  cent,  acetic  acid. 
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The  solution  is  then  ready  for  use.  Depending  on  the  purity  of  the 
sodium  molybdate,  this  solution  tends  to  turn  blue  any  time  after  a 
few  days,  and  so  may  need  preparing  at  frequent  intervals.  To 
prepare  a  j)urified  reagent,  dissolve  150  grams  of  sodium  molybdate 
in  300  ml.  of  water.  Filter  into  a  litre  flask,  washing  in  with  about 
75  ml.  of  water.  Add  3  to  4  drops  of  bromine  and  shake  to  dissolve. 
Stand  an  hour,  then  add,  with  shaking,  225  ml.  of  85  per  cent, 
phosphorie  acid,  followed  by  150  ml.  of  cooled  25  per  cent,  v/v 
sulphuric  acid.  Remove  the  surplus  bromine  by  means  of  a 
moderately  rapid  air  current  passed  for  about  half  an  hour.  Finally, 
add  75  ml.  of  99  per  cent,  acetic  acid,  mix,  and  dilute  to  1  litre. 

The  use  of  the  original  Folin  phosphomolybdic  acid  reagent  has 
however  eontinued,  both  in  the  Folin-Wu  method,  and  in  other  meth¬ 
ods,  for  example,  by  Haslewood  and  Strookman,  who  precipitate 
proteins  by  placing  the  blood  into  the  isotonic  sodium  sulphate 
eopper  sulphate  solution  used  by  King  et  al  (1937). 

5.  Trouble  has  been  experienced  from  fading  of  the  colour.  Several 
methods  of  overcoming  this  have  been  suggested.  Thus  Tonks  (1952) 
does  not  cool  after  carrying  out  the  copper  reduction,  but  adds  the 
phosphomolybdic  acid  immediately  to  the  hot  mixture,  and  then 
replaces  the  tube  in  the  boiling  water  bath  for  a  further  two 
minutes  before  cooling  finally. 


II.  Method  of  Haslewood  and  Strookman  (1939) 

Reagents.  1.  Isotonic  sodium  sulphate-copper  sulphate  solution. 
Prepare  two  solutions  : 

A.  Copper  sulphate,  7  per  cent,  solution.  Dissolve  7  grams 
of  CUSO4,  5II2O  in  water  and  make  up  to  100  ml. 

B.  Sodium  sulphate,  3  per  cent,  solution.  Dissolve  30  grams 
of  Na2S04,  IOH2O  in  water  and  make  up  to  a  litre. 

To  obtain  the  reagent  as  used,  mix  30  ml.  of  A.  and  320  ml.  of  B. 
^  2.  Sodium  tungstate,  10  per  cent,  solution.  Dissolve  10  grams  of 
Na2W04,  2H2O  in  water  and  make  up  to  100  ml. 

3.  Alkaline  copper  solution.  This  is  the  Schaffer-IIartmann 
reapnt  as  modified  by  Harding  and  Downs  (1933)  and  used  with 
addition  of  potassium  iodate  by  King  in  his  titrinietric  method. 
Prepare  freshly  at  frequent  intervals  by  mixing  equal  quantities  of 
the  following  two  solutions  : 


13  grams  of 


P.C.B. 


A.  Copper  sulphate  solution.  Dissolve 
(USO4,  5II2O  in  water  and  make  up  to  a  litre. 

^  contains  24  grams  sodium  potassium  tartrate  (Rochelle 
salt),  40  grams  sodium  carbonate  (anhydrous),  50  grams  sodium 
bicarbonate,  and  36-8  grams  of  potassium  oxalate.  Dissolve  the 

w  “h*  of  water  in  a  litre  flask  at  room 

e  nperature.  M  ash  m  the  carbonate  and  shake  to  dissolve 

."■‘‘''out  heating.  Weigh  out  tlie  o.xalate,  dissolve  in 
sp oral  small  amounts  ot  warm  water,  pouring  oueli  time  into 

iLolveTl''^'^  hlearhonatc  mixture,  until  it  has  all  l.cen  added 
issohe  the  sodium  potassium  tartrate  sejiaratelv  in  a  siiiali 
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amount  of  water  in  a  beaker  and  wash  in.  Finally  make  up  to 
the  mark  and  mix  well. 


4.  Phosphomolybdic  aeid  reagent,  prepared  as  in  the  original  Folin 
method,  ]).  30. 

5.  Stoek  standard  glueose  solution,  containing  100  mg.  in  100  ml. 
saturated  benzoic  acid  solution. 

6.  Standard  solutions  for  use,  prepared  as  indicated  below. 

Technique.  Plaee  0-1  ml.  of  blood  into  3-7  ml.  of  the  isotonic 

sodium  sulphate-co])per  sulphate  solution.  Add  0-2  ml.  of  10  per 
cent,  sodium  tungstate,  mix  well,  and  centrifuge.  Half  these 
quantities  can  be  used  if  desired.  Pipette  1  ml.  of  the  supernatant 
fluid  (=  0-025  ml.  blood),  and  add  to  it  1  ml.  of  the  alkaline  copper 
solution  in  a  6  X  f  inch  test  tube.  Plug  the  tube  lightly  with  cotton 
wool  and  heat  for  ten  minutes  in  boiling  water.  Cool  immediately, 
and  add  3  ml.  of  phosphomolybdic  acid  reagent.  Make  up  to  10  ml. 
with  water.  Compare  in  the  colorimeter  with  suitable  standards. 

For  the  ])hotoclectric  colorimeter,  use  as  standard  a  solution 
prepared  by  diluting  5  ml.  of  the  stock  standard  to  100  ml.  This 
contains  0-()5  mg.  glucose  per  ml.  Take  1  ml.,  add  1  ml.  of  alkaline 
co])per  solution  and  proceed  as  for  the  test.  Then  : 

Mg.  glucose  per  100  ml.  blood 

Reading  of  unknown  ^  100 

~  Reading  of  standard  ^  ^  0-025 

Reading  of  unknown  ^ 

~  Reading  of  standard 

Put  uji  a  blank  using  1  ml.  water  and  1  ml.  alkaline  copper  solution 
treated  in  the  same  way  as  the  test. 

A  standard  curve  can  be  prepared  as  follows  : 


Mg.  glucose  per  100  ml.  blood  .  .  .0  100  200  .TOO  400 

Ml.  stock  standard  diluted  to  100  ml.  .  .  0  2-5  a  O  /  o  10  0 

Take  1  ml.  of  these,  add  1  ml.  alkaline  copper  and  proeeed  as  for  the  test. 


This  teclinitpie  is  suitable  for  values  of  blood  sugar  up  to  about 
300  mg.  per  100  ml.  For  higher  values  use  less  supernatant  fluid, 

e.g.,  0-5  ml.,  or  further  dilution.  ,  , 

Nelson’s  Arsenomolybdate  Reagent.  Nelson  (1944)  devised  an 
arsenomolvbdatc  reagent  for  use  instead  of  the  phosphomolybdate 
reauent  oiVen  above.  This  has  been  used  in  several  blood  sugar 
meriiods'"  Thus  Nelson  used  it  with  a  Somogyi  copper  reagent  (given 
later  on  p.  454),  wliilst  King  and  (iarner  (1947)  substituted  Riis  for 
the  Folin  phosphomolybdic  acid  reagent  in  Ilaslewood  and  Strook- 
man’s  nietliod.  nsirij;  t  ml.  instead  ol  »  ml.  of  the  latter. 

Xcison's  ArsmomoUibMe  Hcogait.  Dissolve  'I;  Krarns  of  annno- 
nium  molybdate  in  about  UA)  mi.  of  water,  add  21  ml.  of  concentrated 
riphuric  acid,  mix,  ad<l  3  (-rams  of  disodmm  hydrogen  arsenate 
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(Na2HAs04,  7II,0)  dissolved  in  25  ml.  of  water.  Mix,  and  place  in 
an  incubator  at“37°C.  for  twenty-four  to  forty-eight  hours. ^  If  a 
reagent  is  needed  quickly,  the  mixture  may  be  heated  to  5o  C.,  but 
should  be  well  stirred  to  prevent  local  overheating.  It  is  better  to 
incubate.  Keep  the  reagent  in  a  glass-stoppered  bottle. 


III.  Benedict’s  Method  (Benedict,  1931,  b) 


Benedict  devised  a  copper  reagent  to  which  he  added  sodium 
bisulphite.  Non-glucose  reducing  substances  have  practically  no 
effect  on  this.  Benedict  used  a  tungstomolybdic  acid  solution  for 
precipitating  the  proteins,  but  the  Folin-\Vu  filtrate  can  be  used. 

Reagents.  1.  Tungstomolybdate  solution.  Dissolve  10  grams  of 
pure  ammonia-free  molybdic  acid  in  50  ml.  of  normal  sodium 
hydroxide.  Boil  gently  for  five  minutes.  P'ilter,  washing  the  filter 
paper  with  150  ml.  of  hot  water.  Cool  the  whole  of  this  filtrate  and 
add  to  it  80  grams  of  sodium  tungstate  dissolved  in  600  nd.  of  water. 
Mix  and  dilute  to  1  litre. 

2.  Sulphuric  acid,  0-62  N.  PrejDare  from  stock  normal  solution. 

3.  Tungstomolybdic  acid  solution.  Pipette  5  ml.  of  the  tungsto¬ 
molybdate  solution  into  a  250  ml.  volumetric  flask,  add  150  ml.  of 
water  and  5  ml.  of  0-62  N  sulphuric  acid,  mix,  and  make  to  the  mark. 
Prepare  freshly  every  three  to  five  days. 

4.  Copper  reagent.  Dissolve  15  grams  of  anhydrous  sodium 
carbonate,  3  grams  of  alanine,  and  2  grams  of  Rochelle  salt  in  about 
350  ml.  of  water  and  add  with  constant  stirring  3  grams  of  copper 
sulphate  (CuSO^,  SHgO)  dissolved  in  80  ml.  of  Avater.  Dilute  to 
500  ml.  This  will  keep  in  the  refrigerator  for  one  to  two  months. 

5.  One  per  cent,  sodium  bisulphite  solution. 

6.  Copper-bisulphite  reagent.  Mix  10  ml.  of  the  copper  reagent 
and  1  ml.  of  the  bisulphite  solution.  Prepare  freshly  each  day. 

7.  Phosphomolybdic  acid  reagent.  Add,  with  shaking,  500  ml.  of 
water  to  150  grams  of  pure  ammonia-free  molybdic  acid  and  75  grams 
of  anhydrous  sodium  carbonate  and  dissolve,  using  heat  if  necessary. 
Inter  from  any  insoluble  material,  washing  the  filter  paper  with 
about  100  ml.  of  water.  Add  300  ml.  of  85  per  cent,  phosphoric  acid 
to  the  combined  cooled  filtrate,  mix,  and  make  to  a  litre. 

8.  Standard  glucose  solution.  Prepare  a  stock  solution  containinfr 
100  mg.  m  100  ml.  of  saturated  benzoic  acid  (see  p.  31)  and  dilute 

this  1  m  20  to  obtain  the  standard  for  use.  This  contains  0-05  mg 
ner  m  .  &* 


Technique  Measure  4-9  ml  of  tungstomolybdic  acid  solution  (3) 
into  a  centrifuge  tube  and  add  0-1  ml.  of  blood.  IMix  well  stand 
for  at  least  a  minute,  and  centrifuge.  Transfer  2  ml.  of  the  super- 
natant  fluid  into  a  Folm-VVu  tube,  add  1  ml.  of  the  copper-bisulphite 

X  v"  Hear,; 

simiiarij.  Heat  m  vigorously  boiling  Avater  for  five  minutes  eonl 
nd  add  2  ml  of  the  phosphomolybdic  acid  reagent.  Dilute  to  the 

using  "rtheVa: 

Calculation.  Since  2  ml.  of  the  protein-free  supernatant  fluid  is 
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equivalent  to  ()-()4  ml.  of  blood,  and  2  ml.  of  the  weak  standard 
eontams  O-l  m|T,  glucose,  for  the  photoelectric  colorimeter. 

Mg.  glucose  per  100  ml.  blood 

_ Reading  of  unknown  lOO 

Reading  of  standard  ^  ^  ^ 

Reading  of  unknown 

=  - - — _  y  9^0 

Reading  of  standard 

For  values  from  approximately  300  to  600  mg.  per  100  ml.  make  up 
to  the  25  ml.  mark.  * 

Notes.  1.  Sunderman  and  Fuller  (1951)  have  modified  Benedict’s 
method.  They  use  a  specially  designed  tube,  and  prevent  fading 
by  adding  the  phosphomolybdic  acid  to  the  hot  mixture  after 
carrying  out  the  reduction,  and  then  replace  in  the  boiling  water 
for  a  further  three  minutes  before  finally  cooling  and  reading  in  the 
colorimeter. 

2.  The  Folin-Wu  tungstic  acid  filtrate  can  be  used.  Add  0-1  ml. 
of  blood  to  3‘5  ml.  of  water  and  then  add  0-2  ml.  of  10  per  cent, 
sodiuni  tungstate  and  0-2  ml.  of  2/3  N  sulphuric  acid.  Stand, 
centrifuge,  and  take  2  ml.  of  the  supernatant  fluid.  Since  this 
corresponds  to  0-5  ml.  of  blood  the  calculation  is 

Mg.  glucose  per  100  ml.  blood 

_  Reading  of  unknown 
Reading  of  standard  ^ 

IV.  Method  of  Somogyi  (1945,  1952) 

Somogyi  has  suggested  a  modified  alkaline  copper  tartrate  reagent 
which  it  is  claimed  has  a  high  degree  of  stability  on  keeping,  whilst 
the  high  content  of  sodium  sulphate  and  the  absence  of  iodide 
prevent  reoxidation  of  the  cuprous  oxide  formed.  Somogyi  also 
substitutes  barium  hydroxide  for  sodiuni  hydroxide  for  use  with 
zinc  sulphate  in  precipitating  proteins. 

Reagents.  1.  Zinc  suljihate,  5  per  cent,  solution  of  ZnS04,  TllgO. 

2.  Barium  hydroxide,  0-3  N.  Add  15  grams  of  barium  hydroxide 
(or  28  gm.  of  Ba(OII)2 . 8II2O)  to  500  ml.  of  hot  water  and  boil  for 
a  few'  minutes.  Stopper  and  allow'  to  cool.  P’ilter. 

These  tw'o  solutions  should  exactly  neutralize  each  other  with 
jihenolphthalein  as  indicator.  Place  10  ml.  of  the  zinc  sulphate  in  a 
llask,  dilute  to  about  100  ml.  w'ith  water,  and  titrate  slowly  with  the 
barium  hydroxide,  shaking  well,  until  a  pink  colour  is  obtained  lasting 
for  at  least  a  minute.  Adjust  the  hydroxide. 

3.  Alkaline  copper  tartrate  reagent.  Dissolve  24  grams  of  anhy¬ 
drous  sodium  carbonate  and  12  grams  of  Rochelle  salt  in  250  ml.  of 
water.  Add,  with  stirring,  4  grams  of  copper  sulphate  (CUSO4,  5H.2()) 
dissolved  in  about  50  ml.  of  w'ater,  followed  by  16  grams  of  sodium 
bicarbonate.  Dissolve  180  grams  of  anhydrous  sodium  sulphate  in 
about  500  ml.  of  water,  boil  to  expel  air,  cool,  mix  with  the  other 
solution,  and  make  to  a  litre.  Stand  for  a  few  days.  Filter  if 
necessary.  Keep  in  a  warm  room. 
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4.  Nelson’s  arsenomolybdate  reagent.  As  above,  p.  34. 

5.  Standard  glucose  solutions.  The  weak  standards  (a)  and  (b) 
used  in  the  Folin-Wu  method  given  on  p.  31  are  suitable. 

Technique.  Place  0-1  ml.  of  blood  in  3-5  ml.  of  water  and  add 
0-2  ml.  of  0-3  N  barium  hydroxide  and  0-2  ml.  of  5  per  cent,  zinc 
sulphate.  Shake  well  and  filter  or  centrifuge.  Pipette  1  ml.  of  the 
filtrate  (=  0-025  ml.  blood)  into  a  6  X  |  inch  test  tube,  add  1  ml.  of 
water  and  2  ml.  of  the  alkaline  copper  solution  and  heat  in  a  boiling 
water  bath  for  ten  minutes.  Cool,  add  1  ml.  of  the  arsenomolybdate 
reagent  and  make  up  to  10  ml.  with  water.  Compare  in  the  colori¬ 
meter  with  suitable  standards  similarly  treated.  One  ml.  of  the 
Folin-Wu  (b)  standard  corresponds  to  200  mg.  glucose  per  100  ml. 
of  blood  if  treated  in  the  same  way  as  the  test.  Prepare  a  standard 
curve  for  the  photoelectric  colorimeter,  using  volumes  from  0  to 
2-0  ml.  of  this  standard.  This  covers  the  range  from  0  to  400  mg. 
glucose  per  100  ml.  blood.  For  values  over  about  300,  however,  it 
is  usually  better  to  use  less  supernatant  fluid  or  dilute  the  final  colour 
further. 

Notes.  For  use  as  an  iodometric  method  prepare  the  copper  reagent 
as  follows.  Dissolve  30  grams  of  Rochelle  salt  and  30  grams  of 
anhydrous  sodium  carbonate  in  200  ml.  of  hot  water.  Add  40  ml. 
of  N  sodium  hydroxide  and  then,  with  stirring,  8  grams  of  copper 
sulphate  dissolved  in  about  80  ml.  of  water.  Boil  to  expel  air. 
Then  pour  in  180  grams  of  anhydrous  sodium  sulphate  dissolved  as 
above  in  500  ml.  of  water.  To  the  mixture  add  8  grams  of  potassium 
iodide  and  0-50  gram  of  potassium  iodate,  each  dissolved  in  a  little 
water.  Make  to  a  litre  and  mix. 

For  the  test  heat  2  ml.  of  1  in  10  blood  filtrate  with  2  ml.  of  coppei 
reagent  in  boiling  water  for  ten  minutes.  Cool,  add  1  ml.  of  2N 
sulphuric  acid.  Titrate  with  N/400  thiosulphate.  As  blank  titrate 
2  ml.  of  copper  reagent  plus  2  ml.  of  acid.  The  difference  between 
the  titrations  gives  a  measure  of  the  glucose  iiresent.  Prepare  a 
standard  curve  as  shown  in  Table  I. 


Table  I 

Standards  for  Somogyi  Method 


M«.  glucose  per  100  ml.  blood 
Ml.  glucose  solution  (40  mg. 

per  100  ml.) 

Ml.  water 


20 

01 


40 

0-2 


60 

0-3 


80 

0-4 


120 

0-6 


160  200 

0-8  10 


250 

1-25 


300 

1-5 


350  400 

1-75  2  0 


Ad,,  2  S,  0,  CO,.,,., 


If  a  1  in  20  blood  filtrate  is  used 

u^nfa  nn To  fluLirf  ‘'“S"  “^ered 

S  filtrate  if  tvice  as  much  iodate  is  included  in 

copper  reagent  and  N/200  thiosulphate  for  the  titration.  ° 

V.  The  Modified  Schaffer-Hartman  Method  of  Kins 

Th.  K,  a  ’’“dified 
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sodiuni  tungstate.  After  eentrifuging,  reduction  of  an  alkaline 
copper  sulpluite  reagent  is  followed  by  cooling,  and  addition  of 
potassium  iodide  to  liberate  iodine  which  then  reoxidizes  the  cuprous 
copper  formed.  The  amount  of  iodine  thus  used  up  is  determined 
by  thiosulphate  titration  of  test  and  blank  and  is  jiroportional  to  the 
amount  of  glucose  originally  present. 

Reagents.  1.  Isotonic  sodiuni  sulphate-copper  sulphate  solution, 
as  for  the  Haslewood  Strookman  method,  p.  33. 

2.  Sodium  tungstate,  10  per  cent,  solution  of  NagWOj,  2II2C). 

3.  Alkaline  copper  reagent.  Prepare  as  for  the  Haslewood 
Strookman  method,  p.  33,  but  after  adding  the  Rochelle  salt  in 
solution  R,  wash  in  l-O  gram  of  solid  potassium  iodate,  shake  well 
to  dissolve  and  then  make  to  the  mark  with  water. 

4.  Potassium  iodide,  2  per  cent,  solution.  Prepare  freshly. 

5.  Sulphuric  acid,  2  N.  Add  5  ml.  of  the  concentrated^  acid  to 
water  and  make  up  to  100  ml.  with  water. 

6.  N/400  sodium  thiosulphate  solution.  Prepare  freshly  by 
diluting  5  ml.  of  stock  N/IO  solution  to  200  ml. 

7.  Starch,  1  per  cent,  solution. 

Technique.  Place  0-2  ml.  of  blood  directly  into  3-5  ml.  of  the 
isotonic  sodium  sulphate-copper  sulphate  solution.  As  King  et  al. 
(1941)  have  shown,  such  a  mixture  can  be  kept  lor  seventy-two  hours 
without  loss  of  glucose.  Add  0-3  ml.  of  10  per  cent,  sodium  tungstate 
solution,  mix  well  and  centrifuge. 

Add  2  ml.  of  the  alkaline  copper  reagent  to  2  ml.  of  the  sujjernatant 
fluid  (equivalent  to  OT  ml.  of  blood)  in  a  G  X  |  inch  test  tube  and 
heat  in  a  boiling  water  bath  for  ten  minutes.  Put  up  a  blank  at  the 
same  time  containing  2  ml.  of  the  copper  reagent  and  2  ml.  of  distilled 
water.  Plug  the  tubes  lightly  with  cotton  wool.  After  the  heating, 
cool  immediately  under  running  water.  Add  1  ml.  of  the  2  per  cent, 
iodide  and  then  1  ml.  of  2  N  sulphuric  acid.  Allow'  to  stand  for  one 
minute  and  then  titrate  w'ith  N/400  thiosulphate,  using  the  starch  as 
indicator.  The  blank  should  require  very  nearly  11-2  ml.  of  the 
thiosulphate. 

Calculation.  The  glucose  present  in  0-1  ml.  of  blood  is  proportional 
to  the  difference  betw'een  blank  and  test.  Each  ml.  of  this  thio¬ 
sulphate  is  equivalent  to  0-058  mg.  of  glucose.  Hence 
Hg.  glucose  per  100  ml.  blood 

=  (ml.  titration  of  blank  —  ml.  titration  of  test)  X  0-058  X 

=  (ml.  titration  of  blank  —  ml.  titration  of  test)  X  58. 

Notes,  (a)  Cheek  freshly  prepared  copper  reagent  against  a 
glucose  standard.  A  200  mg.  per  cent,  solution  is  convenient. 

{b)  For  blood  sugars  over  500  mg.  per  100  ml.  use  1  ml.  of  super¬ 
natant  fluid  and  1  ml.  of  distilled  water  ;  for  the  very  high  sugars 
over  1,000  mg.  j)er  100  ml.  oeeasionally  found  in  diabetic  coma  use 
0-5  ml.  of  the  supernatant  fluid,  1-5  ml.  of  water  and  2  ml.  of  copper 
reagent.  In  diabetic  coma  use  1  nd.  as  routine.  Alake  the  necessary 
adjustments  in  the  calculation. 
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^T.  Maclean’s  Method  (Maclean,  1919) 

Proteins  are  ])reci|)itatcd  by  means  of  sodium  sulphate,  heat,  and 
dialysed  iron.  Reduction  of  an  alkaline  copper  solution  is  used,  the 
amount  of  reduction  being  determined  iodometrically. 

Reagents.  1.  Sodium  sulphate,  1.5  per  cent,  solution.  Dissolve 
150  grams  of  Na2S04,  1()II20  in  water  and  make  up  to  1  litre.  It 
is  more  convenient  to  make  uj)  large  quantities  each  time,  for  example 
10  litres.  Add  O-l  ml.  of  glacial  acetic  acid  to  100  ml.  of  this  solution 
before  use. 

2.  Dialysed  iron.  B.D.H.  dialysed  iron  is  suitable. 

3.  Alkaline  copper  solution.  This  contains  in  each  litre  of  solution: 

120  grams  potassium  bicarbonate. 

80  grams  potassium  carbonate. 

3-5  grams  copper  sulphate  (CUSO4,  5H2O). 

5  grams  potassium  iodide. 

0-5  gram  potassium  iodate. 


Dissolve  the  bicarbonate  and  carbonate  in  about  600  ml.  of  water 
with  not  more  than  slight  warming.  Dissolve  the  copper  sulphate 
in  about  100  ml.  of  water  and  wash  in  with  constant  stirring.  Add 
the  iodide  and  iodate  and  shake  well  to  dissolve.  Make  up  to  the 
mark  with  water  and  mix.  The  solution  keeps  well. 

4.  Sulidiuric  acid,  25  per  cent.  (v/v).  Add  25  ml.  of  the  concen¬ 
trated  acid  carefully  to  75  ml.  of  water. 

а.  N/400  sodium  thiosulphate  solution.  Prepare  immediatelv 
before  use  by  diluting  5  ml.  of  stock  N/10  solution  to  200  ml. 

б.  Starch,  1  per  cent,  solution. 

Technique  Place  0-2  ml.  of  bloo<l  into  23-8  ml.  of  the  acidified 
sodium  .sulphate  solution  in  a  10(1  ml.  conical  flask,  washinff  out  the 
pipette  hy  sucking  up  solution  into  it  several  times.  Bring  iust  to 

To  .!;rnilT  th  filf’  of n'ix  well  afj  filter 

c  -0  ml.  of  the  filtrate  m  a  100  ml.  conical  llask,  add  2  ml.  of  the 

for  six  minutes  on  a  flame  which 
Jq''  t  oiixture  to  the  boil  in  approximatelv  100  seconds 

I  ,  seconds).  Cool  immediately  under  running  water  add 

-  ml  of  the  su  phuric  acid,  mix,  allow  effervescence  fo  cease  and 

I  Tjf  thiosulphate,  using  the  starch  as  indicator  ^o 

-  m  .  of  the  copper  solution  add  a  few  ml.  of  water  and  ml  nf 

riurr:q"i:r,P2 

tit“o7"thc  tet 

acciDrdingly  and  rca*!  oft  the  blood  sugar  flwnthe^Se 
for  blood  sugars  of  more  than  ISO  mg.  ,t;r  cent,  calculate  from''"’ 

Mg.  sugar  per  100  ml.  of  blood 

—  ((Iitration  ol  blank  --  titration  of  test)  -j  o-l)  x  ~ 
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Table  II 

Blood  Sugars.  Maclean's  Method 


Titration 

Ml.  (B  -  T) 

Blood  Sugar 
Mg./lOO  ml. 

Titration 

Ml.  (B  -  T) 

Blood  Sugar 
Mg./lOO  ml. 

Titration 

Ml.  (B  -  T) 

Blood  Sugar 
Mg./lOO  ml. 

01 

IG 

11 

68 

21 

114 

0  2 

22 

1-2 

72 

2  2 

118 

0-3 

28 

1-3 

77 

2  3 

122 

0-4 

33 

1-4 

81 

2  4 

127 

0-5 

38 

1-5 

86 

2  5 

132 

0-6 

43 

16 

91 

2-6 

137 

0-7 

48 

1-7 

95 

2-7 

142 

0-8 

53 

1-8 

100 

2-8 

147 

0-9 

58 

19 

105 

2-9 

152 

10 

63 

2  0 

109 

30 

156 

Notes,  (a)  For  values  over  400  mg.  per  100  ml.  use  a  smaller 
amount  of  the  protein-free  filtrate.  Ten  ml.  of  this  plus  10  ml.  of 
15  per  cent,  sodium  sulphate  to  bring  the  volume  to  20  ml.  is  con¬ 
venient.  For  values  over  800  mg.  per  100  ml.  use  5  ml.  of  filtrate 
plus  15  ml.  of  sulphate.  It  is  good  practice  to  use  10  ml.  filtrate  in 
diabetic  coma,  repeating  with  5  ml.  if  necessary. 

(&)  Put  a  complete  blank  through  at  intervals  to  check  all  of  the 
reagents  used.  In  particular,  test  each  new  batch  of  dialysed  iron. 

(c)  The  solutions  are  easy  to  prepare  and  keep  well.  Some 
workers  have  found  standardizing  the  flame  troublesome. 


VH.  Method  of  Hagedorn  and  Jensen  (1923) 

Proteins  are  precipitated  by  means  of  zinc  hydroxide  and  heat. 
Reduction  of  alkaline  ferricyanide  is  used,  the  amount  of  unreduced 

ferri cyanide  being  determined  iodometrically. 

Reagents.  1.  Zinc  sulphate,  0-45  per  cent,  solution.  Prepare  a 
stock  solution  bv  dissolving  45  grams  of  ZnS04,  THgO  in  water  and 
make  up  to  100  ml.  Dilute  1  ml.  to  100  ml  once  a  week. 

2.  N/ 10  sodium  hydroxide.  Keep  a  stock  2  N  solution  from  which 
the  N/10  solution  is  prepared  weekly. 

3  Alkaline  potassium  ferricyanide  solution.  Dissolve  1-65  grams 
of  potassium  ferricyanide  and  10-6  grams  of  fused  sodium  carbonate 

in  water,  and  make  up  to  a  litre.  Keep  m  the  dark. 

4  lodide-sulphate-chloride  solution.  Dissolve  10  grams  of  zinc 
sulnhate  ZnSO.,  TllgO,  and  50  grams  of  sodium  clfloride  m  water, 
and  make  up  to  200  ml.  Add  potassium  iodide  in  the  proportion  of 
0-25  ffram  per  10  ml.  of  solution  as  required.  If  the  iodide  is  included 
,n  thfsoTu^fon  (6  grams  per  200  ml.)  this  only  keeps  for  two  or  three 

‘’T'Acetie  acid,  8  per  eent.  solution.  Dilute  3-ml.  of  glacial  acetic 

“‘i  N/20o"odrum  tWoTulphate  solution.  Prepare  before  .ise  by 

‘‘‘ 7.*  Stach  indiStor.^'^^^^^^^^  per  eent.  solution  in  saturated  sodium 
chloride  solution. 
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Technique.  Place  0-1  ml.  of  blood  into  a  mixture  of  1  ml.  N/ 10 
sodium  hydroxide  and  5  ml.  of  0-45  per  cent,  zinc  sulphate  in  a  test 
tube  and  heat  for  three  minutes  in  a  boiling  water  bath.  Filter 
through  a  small  filter  paper  (7  cm.  Whatman  No.  41)  into  a  6  X  1  inch 
test  tube,  washing  out  the  original  tube  with  3  ml.  of  hot  distilled 
water  and  using  this  to  wash  the  precipitate.  Repeat  this  washing. 

To  the  whole  of  this  filtrate  add  2  ml.  of  the  alkaline  ferricyanide 
solution  and  heat  for  fifteen  minutes  in  a  boiling  water  bath.  Cool 
and  add  3  ml.  of  the  iodide-sulphate-chloride  solution,  followed  by 
2  ml.  of  3  per  cent,  acetic  acid.  Mix  well,  stand  for  a  minute  or  two, 
and  titrate  from  a  microburette  with  N/200  thiosulphate  using  2  drops 
of  the  starch  solution  as  indicator. 

For  the  blank,  carry  out  the  whole  estimation,  omitting  only  the 
blood.  The  blank  titration  should  take  between  1*80  and  2-00  ml. 
If  it  requires  less  than  1-80  ml.  make  up  fresh  ferricyanide  reagent. 

Table  III 

Mg.  Glucose  per  100  ml.  Blood  Equivalent  to  Ml.  N /200  T'hiosulphate 
(Method  of  Hagedorn  and  Jensen.) 


Ml.  Thio¬ 
sulphate. 

000 

001 

002 

0-03 

0-04 

0-05 

006 

007 

0-08 

009 

0  0 

385 

382 

379 

376 

373 

370 

367 

364 

361 

358 

01 

355 

352 

350 

348 

345 

343 

,341 

338 

.336 

333 

0  2 

331 

329 

327 

325 

323 

321 

318 

316 

314 

312 

0  3 

310 

308 

306 

304 

302 

300 

298 

296 

294 

292 

0-4 

290 

288 

286 

284 

282 

280 

278 

276 

274 

272 

05 

270 

268 

266 

264 

262 

260 

259 

257 

255 

253 

00 

251 

249 

247 

245 

243 

241 

240 

238 

236 

234 

0-7 

232 

230 

228 

226 

224 

222 

221 

219 

217 

215 

0-8 

213 

211 

209 

208 

206 

204 

202 

200 

199 

197 

0-9 

195 

193 

191 

190 

188 

186 

184 

182 

181 

179 

10 

177 

175 

173 

172 

170 

168 

166 

164 

163 

161 

11 

159 

157 

155 

154 

152 

150 

148 

146 

145 

143 

1  -2 

141 

139 

138 

136 

1.34 

132 

131 

129 

127 

125 

1-3 

124 

122 

120 

119 

117 

115 

113 

111 

110 

108 

1  -4 

100 

104 

102 

101 

99 

97 

95 

93 

92 

90 

1  '5 

1-G 

88 

70 

86 

68 

84 

66 

83 

65 

81 

63 

79 

61 

77 

59 

75 

57 

74 

5G 

72 

1  -7 

52 

50 

48 

47 

45 

43 

41 

39 

38 

36 

1  -8 

34 

32 

31 

29 

27 

25 

24 

22 

20 

3 

19 

1  -9 

17 

1 5 

14 

12 

10 

8 

7 

5 

2 

Read  from  Table  III  the  mg.  glucose  per  100  ml.  of 
blood  equivalent  to  the  titration  of  the  blank  and  subtract  this  from 
that  equivalent  to  the  titration  of  the  unknown.  For  example  if 

tivefv^^*^*^*^'^  unknown  were  1-92  and  1-15  ml.  respec- 


Mg.  sugar  per  100  ml.  blood  =  150  —  14 

=  130. 


Notes,  {a)  This  method 
continent  of  Europe.  It 


ha,s  been  widely  used,  particular! v  on  the 
IS  important  that  the  chemicals  used  in 
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preparing  the  solutions  should  be  pure.  This  is  specially  so  in  the 
case  of  the  ferricyanide  which  may  need  to  be  recrystallized.  How¬ 
ever,  the  present-day  high  grade  analytical  reagent  is  usually 
satisfactory. 

{b)  For  high  blood  sugars  it  is  necessary  to  use  a  smaller  volume 
of  blood.  ()-05  ml.  is  usually  suitable  and  inay  be  taken  as  routine  in 
diabetic  coma. 

'  Comparison  of  Methods 

With  reasonable  care  all  these  methods  will  give  results  sufficiently 
accurate  for  clinical  purposes.  In  so  far  as  they  include  varying 
amounts  of  non-glucose  reducing  substances,  they  will  give  slightly 
different  normal  ranges.  The  methods  in  which  the  blood  is  placed 
directly  into  isotonic  sodium  sulphate  solution  (King’s  modified 
Schaffer-Hartmann,  Haslewood  and  Strookman,  King  and  Garner), 
and  Benedict’s  method,  give  results  which  may  be  taken  as  being 
near  to  the  true  glucose  content.  Maclean’s  method  also  approxi¬ 
mates  to  this  figure.  The  original  Folin-Wu  method  is  generally 
held  to  give  results  which  may  be  some  20  mg.  per  100  ml.  higher 
than  this,  which  woidd  also  seem  to  be  the  case  with  the  Hagedorn 
Jensen  method. 

Sev'eral  workers  have  found  the  colour  to  fade.  This  is  more 
serious  when  a  large  number  of  determinations  arc  being  carried 
out  simultaneously.  Procedures  for  stabilizing  the  colour  in  the 
Folin-Wu  and  Benedict  methods  have  been  given.  The  author  has 
not  found  appreciable  fading  in  the  first  half  hour  when  using  the 
Haslewood  and  Strookman  method.  King  and  Garner  (1947)  studied 
the  changes  in  colour  with  time  in  several  methods.  Sunderman 
et  al.  (1951)  discuss  the  relative  merits  of  a  number  of  blood  sugar 
methods. 

Of  the  colorimetric  methods  the  author  has  used  the  Haslewood 
Strookman  method  most.  This,  and  Benedict’s  or  Somogyi’s  method, 
can  be  used  satisfactorily.  These  are  particularly  suitable  for  low 
blood  sugar  values.  Among  the  titrimetric  methods  King’s  modified 
Shaffer  Hartmann  and  MacLcan’s  method  are  convenient  and 
give  similar  results.  The  actual  choice  of  method  may  be  influenced 
by  the  needs  and  circumstances  of  a  particular  laboratory. 

INTERPRETATION 

The  normal  fasting  or  post-absorjitive  blood  sugar,  taken  not  less 
than  three  to  four  hours  after  the  last  meal,  usually  lies  between 
65  and  120  mg.  per  100  ml.  With  methods  giving  almost  the  true 
sugar  it  is  more  likely  to  be  in  the  lower  part  of  this  range  between 
65  and  100.  The  commonest  finding  is  in  the  region  of  80  nig.  per 
100  ml.  Higher  values  are  obtained  during  the  period  immediately 
following  a  meal  and  will  be  discussed  in  the  next  chapter. 
we  are  concerned  with  variations  in  the  fasting  blood  sugar.  Both 
increase,  hyperglycaunia,  and  decrease,  hypoglycaania,  occur  m 

clisc^isc 

Hvperglycaemia.  'I’he  highest  values  for  fasting  blood  sugar  are 
obtained  in  diabetes  mellitus,  in  which  it  may  vary  from  normal  u]) 
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to  500  mg.  per  100  ml.  and  over,  aeeording  to  tlie  severity  of  the 
eondition.  A  blood  sugar  of  more  than  500  is  usually  assoeiated  with 
some  degree  of  diabetic  coma  (see  p.  80). 

Except  in  diabetes  the  fasting  blood  sugar  rarely  exceeds  200  mg. 
per  100  ml.  Hyperactivity  of  the  thyroid,  pituitary,  and  adrenal 
glands,  with  the  latter  of  which  we  can  include  states  of  emotional 
stress,  may  give  small  increases  not  exceeding  about  150  mg.  per 
100  ml.  There  is,  howev'er,  an  increased  incidence  of  diabetes  in 
hyperthyroidism  and  in  hyperpituitarism,  when  much  higher  figures 
are  obtained. 

In  diffuse  disease  of  the  pancreas,  as  in  pancreatitis  and  carcinoma, 
some  increase  in  fasting  blood  sugar  may  occur,  but,  except  in 
advanced  cases,  it  is  moderate  and  does  not  much  exceed  150  mg. 
per  100  ml.  There  has  to  be  extensive  disease  for  sufficient  islet 
tissue  to  be  affected  to  cause  diabetic  symptoms.  Similar  increases, 
rarely  exceeding  160  to  180  mg.  per  100  ml.,  occur  in  convulsions 
and  in  the  terminal  stages  of  many  diseases. 

A  rise  in  blood  sugar,  which  may  be  quite  appreciable,  can  occur 
in  sepsis  and  in  a  number  of  infectious  diseases  (see  further,  p.  48). 
A  moderate  hyperglycemia  may  also  be  found  in  some  intracranial 
diseases  such  as  meningitis,  encephalitis,  tumours,  and  hemorrhage. 

The  effect  of  anesthesia  should  also  be  borne  in  mind.  Depending 
on  the  degree  and  duration  o(  the  anesthesia,  quite  a  considerable 
rise  in  blood  sugar  may  occur,  sometimes  to  over  200  mg.  per  100  ml., 
thus  producing  a  temporary  glycosuria.  Asphyxia  has  a  similar 
effect.  These  increases  may  be  partly  due  to  the  acidosis  which  is 
produced  and  is  known  to  increase  glucose  formation  from  glycogen 
in  the  liver.  Such  a  factor  may  also  play  a  part  in  causing  the 
moderate  increase  found  in  terminal  states. 

One  may  say  that  a  fasting  blood  sugar  between  150  and  200  mg. 
per  100  ml.  is  very  suggestive  of  diabetes  mellitus,  whilst  one  of  over 
200  is  almost  diagnostic. 


Hypoglycaemia  occurs  most  frequently  as  a  result  of  over-dosage 
with  insulin  in  the  treatment  of  diabetes.  Insulin-secreting  tumours 
of  the  pancreas,  which  are  extremely  rare,  produce  a  severe  hypo- 
glycaemia,  in  which  glucose  may  be  almost  completely  absent  from 
the  blood.  The  fasting  blood  sugar  may  be  reduced  in  hvpo- 
thyroidism  (niyxcrdema,  cre^sm),  hypopituitarism  (for  example, 
Simmondr  disease),  and  hypbadrenalism  (Addison’s  disease)  with 
values  down  towards  20  mg.  per  100  ml.  in  severe  cases  of  the  last 
two  of  these  conditions.  ^ 

While  mild  exercise  can  raise  the  blood  sugar  a  little  severe 
exercise  may  produce  a  hypoglycicmia  due  to  the  liver  being  depleted 
of  its  glycogen,  from  which  the  blood  sugar  is  maintained.  For  the 
same  reason,  severe  liver  disease  has  a  similar  effect  though  low  blood 

-storage  disease  (von 

Gierke)  tiicre  is  abnornial  storage  of  glycogen,  particularly  In  the  liver 
1  heart  muscle.  Ihis  is  not  available  for  maintaining  the  blood 

absorptive  pTrioil“‘  “ 
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There  is  possibly  deficient  absorption  of  glucose  in  the  group  of 
steatorrhoeas  (see  p.  49),  but  while  the  blood  sugar  may  be  in  the 
lower  part  of  the  normal  range,  it  is  very  rare  indeed  for  it  to  be 
subnormal. 

The  transient  post-prandial  hypoglycaemia,  which  may  occur  in  a 
few  people,  some  one  and  a  half  to  three  hours  after  taking  food  and 
more  commonly  in  patients  after  partial  gastrectomy,  will  be  discussed 
later  (p.  50). 
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CHAPTER  111 

GLUCOSE  TOLERANCE  TESTS 


So  far  we  have  been  dealing  with  tlie  fasting  blood  sugar.  Following 
food,  there  is  a  temporary  rise  in  the  blood  sugar,  the  extent  and 
duration  of  which  depends  on  the  type  of  food  taken.  Carbohydrates 
mainly  cause  this  increase,  which  in  normal  people  does  not  lead  to 
a  blood  sugar  of  more  than  IGO  to  180  mg.  per  100  ml.  There  is  then 
a  return  to  normal  fasting  levels  which  are  reached  at  the  latest 
within  two  to  three  hours  after  taking  the  food.  This  effect  of 
ingested  carbohydrate  can  be  studied  under  reasonably  standard 
conditions  by  means  of  the  glucose  tolerance  test,  which  is  thus  of 
considerable  use  in  investigating  abnormalities  of  carbohydrate 
metabolism,  and  cases  in  which  glycosuria  has  been  found.  The  test 
as  commonly  carried  out  will  be  described  first. 


ORAL  GLUCOSE  TOLERANCE  TEST 
Method  of  Carrying  out  the  Test 

The  test  is  usually  carried  out  in  the  morning  after  a  night’s  fast, 
but,  if  necessary,  it  may  be  done  some  four  to  five  hours  after  the  last 
food  was  taken.  If  the  patient  is  an  out-patient  coming  some 
distance,  a  cup  of  tea  without  sugar  may  be  allowed  on  rising. 

Blood  is  taken  for  the  determination  of  the  fasting  blood  sugar 
and  a  specimen  of  urine  is  collected.  Fifty  grams  of  glucose  dissolved 
in  about  150  to  200  ml.  of  water  is  then  given.  This  is  best  followed 
by  about  50  to  100  ml.  of  water,  which  takes  away  the  sv/eet  taste 
and  lessens  the  risk  of  the  patient  vomiting,  the  occurrence  of  which 
spoils  a  small  proportion  of  tests.  Blood  for  estimation  of  blood 
sugar  IS  taken  at  half-hourly  intervals  for  two  and  a  half  hours  after 
the  glucose  has  been  drunk.  Urine  specimens  are  collected  at 
mtervalsv/ Some  workers  collect  half-hourly,  but  it  is  not  always 
possible  to  do  this.  Two  specimens,  one  hour  and  two  hours  after 
taking  the  glucose  can  usually  be  obtained.  In  many  cases  it  is 
suthcient  to  collect  a  specimen  towards  the  end  of  the  test  This 
reveals  whether  any  glycosuria  has  resulted  from  taking  the  glucose 

The  usual  amount  of  glucose  given  in  this;country  is  50  grams' 
Larger  amounts  have  been  used,  particularly  in  America  wlmre 
1-75  grams  per  kilop-am  of  body  weight  has  Veen  given.  Thirty  to 

f  maximlm  rise  irWood 

sugar.  Much  larger  amounts  may  delay  the  subseonent  fall  fV. 

blood  sugar,  but  otherwise  the  findings  aVnot  greaUrddfe?!;  ' 
*^"er  amounts  should  be  given  to  children.  Tl^ee-guarters  of 
a  ^an.  per  kilogram  of  body  weight  (one-third  of  a  gram  pernrund^ 
has  been  recoiniiieiidcd.  It  is  convenient  and  satSaetoy  fo  giv^ 
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20  grains  up  to  al)Out  years  of  age,  30  grams  up  to  twelve  years, 

^cl  40  grams  up  to  fourteen  to  fifteen  years. 

Normal  Response.  A  typical  normal  response  is  shown  in  Table  IV. 
It  is  seen  that  the  initial  blood  sugar  is  within  the  normal  fasting 
limits  ;  the  maximum  blood  sugar,  usually  between  140  and  180  mg. 
per  100  ml.,  is  reached  either  half  or  one  hour  after  taking  the  glueose  ; 
the  blood  sugar  then  returns  rapidly  to  the  normal  fasting  limits 
which  are  often  reached  in  one  and  a  half  hours,  and  almost  always 
by  the  end  of  two  hours.  There  is  sometimes  a  slight  dip  in  the 
blood  sugar  towards  the  end  of  the  test  as  shown  in  the  example 
given.  Finally,  there  should  be  no  sugar  in  any  of  the  urine 
specimens. 

Table  IV 

Normal  Glucose  Tolerance  Curve 


Time 

Fasting 

J  hour 

1  hour 
after 

1^  hours 
aking  glue 

2  hours 
ose. 

2^  hours 

Blood  sugar. 

80 

155 

105 

115 

75 

1 

80 

Urine  sugar 

Absent  throughout  the  test. 

Use  of  Venous  Blood.  The  figures  given  above  are  for  capillary 
blood  such  as  is  obtained  from  a  thumb  or  linger.  Whilst  there  is 
little  difference  between  arterial  and  venous  blood  sugar  at  ordinary 
fasting  levels,  the  arterial  blood  sugar,  and  hence  the  capillary  blood 
sugar,  at  the  peak  of  the  curve,  on  an  average,  is  20  to  30  mg.  per 
100  nd.  higher  than  the  venous  blood  sugar,  since  there  is  increased 
carbohydrate  utilization  at  that  time.  Accordingly  the  maximum 
blood  sugar  reached  in  tolerance  curves  done  on  venous  blood  may 
be  lower  by  that  amount. 

Renal  Threshold  for  Glucose.  In  normal  persons,  so  long  as  the 
blood  sugar  is  below  180  to  200  mg.  per  100  ml.,  glucose  in  amounts 
which  are  detected  by  the  routine  tests  used,  is  not  excreted  by  the 
kidneys.  This  level  of  blood  sugar  has  been  termed  the  renal 
threshold  for  glucose.  As  a  rough  and  ready  conception  this  is 
useful,  but  too  rigid  a  figure  should  not  be  attached  to  d.  kor  a  full 
discussion,  see  Peters  and  Van  Slyke  (1940).  Since  the  blood  sugar 
does  not  exceed  this  threshold  in  a  tolerance  test  on  normal  patients, 

there  is  then  no  sugar  in  the  urine.  .  ,  4.  u  •  1 

The  Effect  of  the  Previous  Diet.  Special  attention  must  be  paid 

to  the  type  of  diet  taken  in  the  period  before  the  test  is  done.  If  a 
iiatient  is  placed  on  a  low  carbohydrate  diet  for  some  time  before  the 
test,  a  curve  with  an  appreciably  higher  maximum,  rising  to  o\e 
200  mg.  per  100  ml.,  can  be  obtained,  so  that  there  may  be  some 
glycosuria.  Since  a  person  suspected  of  having  diabetes  may  have 
Len  put  on  such  a  diet,  it  is  important  to  see  that  an  ordinary  mixed 
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diet  is  taken  for  at  least  a  week  before  doing  the  test.  Otherwise  a 
curve  suggesting  a  mild  diabetes,  with  a  little  sugar  in  the  urine,  may 
be  obtained.  This  is  most  important  with  patients  in  whom  glyco- 
•suria  has  been  found,  but  who  have  no  symptoms  of  diabetes. 
Normal  tolerance  curves  are  given  by  the  majority  of  such  cases, 
particularly  by  younger  peojde. 

Effect  of  Age.  The  type  of  curve  obtained  varies  with  age.  Both 
the  average  fasting  level  and  the  average  maximum  to  which  the 
blood  sugar  rises,  increase  with  age,  so  that  in  young  people  they  tend 
to  be  lower  than  the  examj)le  given,  whilst  in  elderly  peojile  they  are 
often  higher.  In  old  people  the  maximum  blood  sugar  reached  may 
sometimes  exeeed  200  mg.  per  100  ml.  Ilimsworth  (1939)  has 
produeed  evidence  to  suggest  that  sensitivity  to  insulin  is  reduced 
when  a  person  takes  a  low  carbohydrate  diet,  and  tends  to  fall  with 
increasing  age.  Such  a  change  would  explain  the  tendency  for  there 
to  be  slightly  raised  tolerance  curves  in  both  these  groups  of  cases. 

Abnormal  Tolerance  Curves 

Diminished  Glucose  Tolerance.  This  is  present  when  the  rise  in 
blood  sugar  is  greater  than  in  normal  persons  and  when  the  return  to 
normal  fasting  levels  is  delayed.  In  some  cases  the  fasting  blood 
sugar  may  be  higher  than  the  normal  limits  given.  Examples  of 
such  curves  are  given  in  Table  V  showing  increasing  fall  in  glucose 
tolerance  from  columns  I  to  V. 


Table  V 

Diminished  Glucose  Tolerance 


I 

II 

III 

IV 

V 

Fasting  Blood  Sugar  (mg.  per  100  ml.) 

Blood  Sugar  \  hour  after  .50  grams  glucose 
»»  j>  1  hour  after  .50  grams  glucose 

>>  >>  lihoursafler50gramsgluco.se 

>>  .)  2  hours  after  50  grams  glucose 

”  >>  2i  hours  after  50  granrs  glucose 

105 

180 

215 

195 

145 

no 

115 

195 

255 

245 

185 

180 

135 

215 

290 

285 

225 

170 

195 

275 

320 

325 

285 

24.5 

235 

300 

34i) 

365 

355 

335 

Urine  Sugar.  Fa.sting  .  .  .  , 

1  hour  after  glucose  •  . 

2  hours  after  glucose 

tr. 

tr. 

+ 

+ 

+  + 

+  + 

+ 

+  +  + 
+  +  + 

+  + 

+  +  + 
+  +  + 

mdnpr°Hy“e7acth-,';rrf 

curve  ,s  usually  very  moderate.  In  hvperniSrkm  ,s 
some  stages  of  acromegalv,  the  effeet  is  part  e  sr  n 
example  being  shown  in-Jolunn,  I  Ivpert 

greater  effeet.  so  that  all  types  of  e,.r  •e''tnVnm.'n:;;i ‘i;':  t'“tL.t 
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shown  in  column  II  may  be  seen.  A  decrease  in  glucose  tolerance 
is  also  seen  in  Cushing’s  syndrome  whether  due  to  basophil  cell 
tumour  of  the  anterior  pituitary  or  to  an  adrenal  cortical  tumour. 
This  also  is  mild  to  moderate,  covering  the  region  shown  by  columns 
I  and  11.  Injection  of  adrenocorticotrophic  hormone  of  the  anterior 
pituitary  also  leads  to  a  diminished  tolerance  and  curves  with  a 
maximum  blood  sugar  up  to  between  250  and  300  mg.  per  100  ml. 
may  be  obtained.  The  connection  of  the  adrenal  cortex  with  some 
rheumatic  conditions  may  explain  the  finding  of  mild  to  moderate 
impairment  of  glucose  tolerance  at  some  stages  of  rheumatic  disease. 

Curves  similar  to  those  shown  in  columns  III  to  V  are  typical  of 
diabetes  mellitus  in  its  more  severe  forms. 

Diffuse  disease  of  the  pancreas,  if  sufficiently  severe,  may  affect 
enough  islet  tissue  to  reduce  glucose  tolerance  temporarily  or  perma¬ 
nent!  v.  However,  there  is  verv  considerable  reserve  and  even  when 
carbohydrate  metabolism  is  affected  in  pancre^ltitis  and  carcinoma  of 
the  pancreas  the  change  in  glucose  tolerance  is  usually  only  moderate. 

Very  severe  liver  disease,  by  reducing  the  rate  of  glycogen  formation 
may  also  lead  to  tolerance  curves  in  which  the  blood  sugar  reaches 
higher  levels  than  normally.  The  test,  however,  is  of  negligible  value 
in  liver  disease.  Similar  curves  are  obtained  in  glycogen  storage 
disease.  The  large  amount  of  glycogen  already  in  the  liver  makes 
difficult  further  formation  of  glycogen  so  that  the  blood  sugar  rises 
more  than  in  normal  persons. 

The  influence  of  infections  on  glucose  tolerance  should  also  be 
noted.  This  can  be  quite  considerable.  The  extent  to  which 
tolerance  is  diminished  appears  to  depend  more  on  the  type  of 
infection  than  on  its  severity.  The  effect  of  staphylococcal  infections 
such  as  boils  and  carbuncles  is  well  known.  According  to  Peters  even 
a  common  cold  has  been  known  to  produce  a  temporary  glycosuria, 
yet  in  some  severe  infections  the  effect  on  glucose  tolerance  is  small. 
Tolerance  usually  returns  to  normal  when  the  infection  clears  up. 
The  effect  of  such  infections  on  diabetic  patients  may  be  most 
important  since  the  condition  may  become  much  aggravated  by 


Increased  Glucose  Tolerance.  Tliose  cases  in  which  there  is  little 
rise  in  blood  sugar  are  said  to  have  an  increased  glucose  tolerance. 
It  has  to  be  admitted  that  in  a  number  of  apparently  normal  people 
there  is  only  a  small  increase  in  blood  sugar  which  rnay  scarcely 
exceed  the  usual  normal  fasting  limits  at  any  tune  during  the  test. 
The  most  that  can  be  said  is  that  the  proportion  of  such  (latter 
tolerance  curves  is  considerably  greater  in  certain  conditions. 


Examples  are  given  in  Table  VI.  .  ,  •  •  u-  i 

Such  flat  curves  are  frequently  obtained  m  cases  in  which  there 
is  hvpoactivity  of  the  endocrines,  as  in  hypothyroidism  (myxeedema, 
cretinism)  livpoadrcnalism  (Addison’s  disease),  and  hypopituitarism 
(Simmonds’  ‘  disease,  Frohlich’s  syndrome— dystrophia 
Icnitalis)  The  fasting  blood  sugar  may  sometimes  be  below  the 
usual  normal  limits.  However,  although  flat  curves  are  common  in 
these  diseases,  there  are  a  number  of  exceptions. 


c;lucose  tolerance  tests 

Table  VI 

Increased  Glucose  Tolerance 


40 


VI 

Vll 

Fasting  Blood  Sugar  (nig.  per  100  nil.) 

80 

65 

Blood  Sugar  \  hour  after  50  grams  of  glucose 

105 

85 

,,  ,,  1  hour  after  50  grams  of  glucose 

115 

95 

,,  ,,  hours  after  50  grams  of  glucose 

105 

90 

,,  ,,  2  hours  after  50  grams  of  glucose 

95 

75 

,,  ,,  2^  hours  after  50  grams  of  glucose 

85 

70 

Urine  Sugar,  None  throughout 


Similar  tolerance  curves  with  little  rise  in  blood  sugar  are  also 
frequently  seen  in  patients  with  idiopathic  steatorrhoea,  cccliac 
disease  and  sprue.  In  these,  impaired  absorption  of  carbohydrate 
has  been  held  to  be  the  cause.  The  fasting  blood  sugar  is  almost 
always  within  normal  limits. 

Because  of  the  overlapping  with  results  obtained  in  normal  persons, 
such  curves  can  only  be  of  limited  value  but  may  be  significant  when 
taken  in  conjunction  with  other  findings. 

Renal  Glycosuria— Lowered  Renal  Threshold.  As  we  saw  pre¬ 
viously,  glucose  is  not  found  in  the  urine  of  normal  people  in  amounts 
detected  by  the  routine  tests  used,  so  long  as  the  blood  sugar  is  below 
180  to  200  mg.  per  100  ml.,  the  renal  threshold  for  glucose.  In  a 
small  minority,  however,  this  threshold  is  reduced  and  so  is  lower 
than  the  maximum  blood  sugar  which  may  be  reached  in  normal 
persons  after  taking  carbohydrate,  whether  as  a  rich  carbohydrate 
meal  or  as  the  glucose  in  a  tolerance  test.  Such  persons  pass  sugar 
m  the  urine  whenever  sufficient  carbohydrate  is  taken  temporarily 
to  raise  their  blood  sugar  above  their  lowered  renal  threshold  The 
tolerance  curve  is  normal,  though  the  maximum  blood  sugar  reached 
IS  sometimes  a  little  lower  than  in  completely  normal  people  Such 
a  result  is  shown  in  column  VIII  in  Table  VIL  Carbohydrate 
metabolism  is  thus  normal,  but  presumably  because  of  some  defect 
^absorption  of  glucose,  an  appreciable  amount  of  this 
sub.^ance  is  allowed  to  escape  in  the  urine.  The  condition  is  known 
Henal  Glycosuria.  As  a  rule  it  is  discovered  accidentallv  for 
example  at  medical  examination  for  life  insurance,  or  when’ such 
examination  is  required  for  certain  occupations.  A  normal  tolerance 

ympwX'Itt  hewT'i:'"r  condition  is  usua% 

ymptomiess.  it  is  held  to  be  harmless  and  not  likelv  to  develnn 
nto  dmbetes  later.  The  renal  threshold  also  appears  to  be  slilhtW 
lowered  fa.rly  freqnently  in  the  later  stages  of  pr^g'nane^lse:  Ser! 

It  IS  not  often  necessary  to  know  where  the  threshold  is  l.nt  fL: 
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within  the  normal  fasting  limits  for  the  blood  sugar,  but  it  is  usually 
somewhere  between  these  and  the  normal  threshold,  for  example  in 
the  region  of  140  mg.  per  100  ml.,  so  that  the  glycosuria  is  inter¬ 
mittent. 

Raised  Renal  Threshold.  It  should  also  be  noted  that  there  are 
persons  in  whom  the  renal  threshold  is  raised.  There  is  a  tendency 
for  this  to  occur  with  increasing  age,  and  it  is  also  found  in  quite  a 
number  of  diabetics.  The  fact  that  it  appears  often  to  be  raised  in 


Table  VII 

Glucose  Tolerance  Curves  in  Renal  Glycosuria,  Etc. 


VIII 

IX 

x 

Fasting  Blood  Sugar  (mg.  ])er  100  ml.)  . 

85 

140 

85 

Blood  Sugar  ^  hour  after  50  grams  of  glucose  . 

1 55 

215 

220 

,,  ,,  1  hour  after  50  grams  of  glucose  . 

135 

255 

190 

,,  ,,  hours  after  50  grams  of  glucose 

100 

270 

115 

,,  ,,  2  hours  after  50  grams  of  glucose. 

85' 

240 

90 

,,  ,,  2^  hours  after  50  grams  of  glucose 

80 

205 

75 

I’rine  Sugar.  Fasting  ..... 

— 

— 

— 

1  hour  after  taking  the  glucose 

+ 

- ■ 

+ 

2  hours  after  taking  the  glucose 

trace 

arteriosclerosis  is  possibly  the  reason  why  this  is  so  in  many  elderly 
diabetics.  As  a  result  a*  blood  sugar  of  over  200  mg.  per  100  ml.— ■ 
sometimes  considerably  over — may  not  produce  glvcosuria  and 
occasionally  persons  with  diabetes  give  a  tolerance  curve  reaching  to 
between  250  and  300  mg.  per  100  ml.  for  the  blood  sugar,  without 
sugar  being  found  in  the  urine.  An  example  is  shown  in  column  IX 

in  Table  VII.  , 

The  Lag  Type  of  Tolerance  Curve.  Finally  there  are  some  apparently 

normal  people  who  are  found  to  have  a  tolerance  curve  m  which  the 
blood  sugar  returns  to  normal  limits  in  the  usual  time,  but  which 
shows  a  somewhat  exaggerated  rise  in  blood  supr.  Because  of  this 
the  peak  of  the  curve  is  above  the  normal  renal  threshold,  so  that  a 
transient  glycosuria  results  from  taking  50  grams  of  glucose  and  may 
also  be  produced  bv  a  rich  carbohydrate  meal.  An  exanqjle  of  sue 
a  curve  is  given  in  Table  VII,  column  X.  This  type  of  curve  has 
been  termed  a  “  lag  ”  curve  on  the  assumption  that  the  greater  rise 
in  blood  sugar  is  due  to  a  delay  in  the  insulin  mechanism  coming 
into  action.  It  is  more  probably  due  to  an  increased  rate  of  absorp¬ 
tion  of  glucose  from  the  intestine,  following  rapid  emptying  of  the 

iTs’type  of  glvcosuria  is  also  usually  discovered  accidentally  on 
routine  medical  examination  in  the  same  way  as  renal  glycosuria. 
I  ike  that  condition  it  is  considered  harmless  and  not  likely  to  develop 
into  diabetes  later.  A  similar  type  of  curve  with  a  high  peak,  some 
sometimes  with  an  over  vigorous  swing  back  to  blood 
fugar  icvds  below  the  nor.nal  farting  Ihnits,  has  heen  <,hserve<l  after 
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partial  gastrectomy.  In  such  cases  ingestion  of  the  glucose,  or  of  a 
meal,  may  be  followed  some  two  to  three  hours  later  by  symptoms 
such  as  dizziness,  sweating,  a  feeling  of  weakness  and  nausea,  palpita¬ 
tion,  due  to  the  rapid  fall  in  blood  sugar.  The  symptoms  of  hypo- 
glycfemia  are  rapidly  reliev'ed  by  taking  sugar  or  any  easily  assimil¬ 
able  carbohydrate.  Extended  glucose  tolerance  curves  have  been 
used  for  investigating  these  and  other  cases  of  hypoglycaemia. 

Extended  Glucose  Tolerance  Curves 
Instead  of  ending  at  two  and  a  half  hours  after  taking  glucose,  half- 
hourly  blood  sugars  are  done  for  periods  up  to  four  or  five  hours. 
Examples  of  such  curves  are  shown  in  Table  \  HI.  In  column  XI 
is  shown  a  curve  from  a  patient  after  partial  gastrectomy  w'hilst  XII 

Table  VIII 

Extended  Glucose  Tolerance  Tests 


XI 

XII 

XIII 

XIV 

Fasting  Blood  Sugar  (Mg.  per  100  ml.) 

85 

90 

88 

43 

Blood  Sugar  ^  hour  after  50  grams  glucose 

190 

205 

177 

110 

,,  ,,  1  hour  after  50  grams  glucose 

230 

181 

107 

133 

,,  ,,  1^  hours  after  50  grams  glucose 

135 

95 

81 

123 

,,  ,,  2  hours  after  50  grams  glucose 

73 

77 

65 

105 

,,  ,,  hours  after  50  grams  glucose 

58 

07 

72 

91 

,,  ,,  3  hours  after  50  grams  glucose 

03 

58 

77 

77 

,,  ,,  3i  hours  after  50  grams  glucose 

73 

()5 

81 

07 

.»  ,,  4  hours  after  50  grams  glucose 

81 

75 

91 

58 

>>  ,,  5  hours  after  50  grams  glueose 

• 

80 

85 

— 
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and  XIII  were  found  in  patients  having  attacks  suggesting  hypo- 
glycaemia  some  two  to  three  hours  after  food.  Both  these  cases  had 
some  degree  of  hyperacidity  and  rather  rapid  emptying  of  the 
stomach.  How'ever,  it  must  be  confessed  that  in  some  of  these  cases 
the  tolerance  curves  do  not  fall  appreciably  below'  the  normal  fasting 
limits  (p.  42)  for  the  blood  sugar.  Yet  the  attacks  can  be  shown  to 

coincide  with  the  temporary  dip  in  the  blood  sugar  and  to  be  relieved 
by  glucose. 

Extended  tests  are  sometimes  used  to  differentiate  such  transient 
attacks  from  those  due  to  insulin-secreting  tumours  of  the  islets  of 
Langerhans  in  the  pancreas  and  other  abnormal  endocrine  conditions 
such  as  Simmonds  disease,  which  cause  hvpoglvcaemia.  In  these 

^  progressive,  as  is  shown  in  column  XIV,  obtained 

m  a  case  with  such  an  islet  tumour.  However,  the  fasting  blood 
sugar,  particularly  the  early  morning  blood  sugar  taken  before 


One  Hour— Two  Dose  Test  (Exton  Rose) 

.e  hort,vo  dte  tet  **  ‘he 

e  of  glucose,  separated 

^\\H0L0GWAL 


-o 
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by  an  interval  of  half  an  hour,  are  given.  It  is  convenient  to  dissolve 
100  grams  of  glucose  in  about  a  pint  of  water  and  divide  this  into  two 
equal  parts.  The  fasting  blood  sugar  is  taken  and  one  of  these  is 
drunk.  After  half  an  hour  a  second  blood  sugar  is  taken  and  the 
remaining  glucose  drunk.  After  a  further  half  hour  a  third  blood 
sugar  is  taken.  Urine  is  collected  fasting  and  at  the  half  hour  and 
one  hour.  Several  approximately  similar  criteria  for  assessing  the 
results  have  been  given.  The  increase  in  blood  sugar  should  not 
exceed  70  mg.  per  100  ml.  in  the  first  half  hour,  while  at  the  end  of 
an  hour  the  total  increase  should  not  exceed  80  mg.  per  100  ml.  The 
ordinary  glucose  tolerance  test  is  more  satisfactory. 

INTRAVENOUS  GLUCOSE  TOLERANCE  TESTS 

These  have  been  used  with  the  object  of  avoiding  effects  arising 
from  defective  absorption  of  the  glucose.  The  amount  of  glucose 
most  commonly  used  has  been  20  to  30  grams  given  intravenously 
over  a  few  minutes. 

Soskin  (1944),  for  example,  used  one-third  of  a  gram  of  glucose  per 
kilogram  of  body  weight  given  as  a  50  per  cent,  solution  within  three 
to  five  minutes.  Blood  sugar  estimations  were  done  fasting,  and  at 
half-hourly  intervals  for  two  hours  after  the  injection.  He  found  that 
all  normal  cases  required  less  than  sixty  minutes  for  the  blood  sugar  to 
return  to  normal,  whereas  in  diabetes,  even  in  mild  cases,  none  took 
less  than  120  minutes  to  return  to  the  initial  level.  Soskin  also 
investigated  a  number  of  cases  of  liver  disease.  None  took  as  long 
as  120  minutes  to  return  to  the  pre-injection  level  but  only  about  20 
per  cent,  did  so  in  less  than  sixty  minutes.  Typical  examples  are 

atOOD  SOG-AR 
per  cent. 
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shown  in  Fig.  14.  As  with  the  oral  test  this  was  carried  out  in  the 

morning,  no  breakfast  being  allowed.  r 

Whilst  its  value  in  liver  disease  is  doubtlul,  this  is  a  useful  lorm  ot 


the  intravenous  test.  .  r  i 

Tunbridge  and  Allibone  (1940)  used  a  fixed  amount  of  glucose 
irrespective  of  the  body  weight,  which  they  found  had  little  influence 
on  the  result.  These  workers  gave  92  ml.  of  a  30  per  cent,  solution 
of  glucose  in  distilled  water,  in  three  minutes.  They  used  a  50  ml. 
syringe  and  chose  92  ml.  as  convenient  for  two  syrmgefuls.  They 
estimated  the  blood  sugar  at  intervals  no  greater  than  seven  and  a 
half  minutes  for  one  hour  and  found  that  a  normal  level  was  reached 
in  approximately  forty-five  minutes,  ranging  from  thirty  to  sixty 
minutes,  a  slight  hypoglycaemic  dip  sometimes  occurring  before  the 
curve  finally  stayed  within  normal  fasting  limits.  In  disease, 
variations  resemble  those  found  with  the  oral  test,  the  time  to  return 
to  normal  fasting  limits  being  greater  when  there  is  diminished 
glucose  tolerance.  It  has  been  asserted  that  in  conditions  such  as 
coeliac  disease  and  similar  steatorrhoeas,  which  tend  to  give  flat  oral 
tolerance  curves,  normal  results  are  obtained  with  the  intravenous 
test  and  this  has  been  taken  to  support  the  view  that  there  is  defective 
absorption  in  these  conditions. 

In  the  very  great  majority  of  cases  it  can  be  said  that  there  is  little 
to  be  gained  by  using  the  intravenous  test  rather  than  the  oral  one. 


Summary  on  the  Value  of  Glucose  Tolerance  Tests 

These  tests  are  undoubtedly  of  most  value  in  the  investigation  of 
cases  of  symptomless  glycosuria,  such  as  renal  glycosuria  and  the 
glycosuria  due  to  “  lag  ”  types  of  curve.  They  are  also  of  help  in 
recognizing  the  milder  cases  of  diabetes.  They  are  rarely  necessary 
in  severer  cases  since  then  the  symptoms  are  almost  always  quite 
definite  and  a  single  blood  sugar  is  usually  sufficient  to  clinch  the 
diagnosis.  They  are  of  little  if  any  value  during  or  in  following  the 
course  of  treatment.  The  test  may  contribute  useful  information  in 
some  cases  of  endocrine  dysfunction  and  in  patients  with  steatorrhoea. 


THE  INSULIN  TOLERANCE  TEST 

This  test  is  mainly  used  in  investigating  patients  with  endocrine 
disorders.  The  patient  should  be  put  on  a  diet  containing  at  least 
300  grams  of  carbohydrate  daily  for  two  to  three  days  before  the  test 
is  to  be  carried  out.  No  food  is  allowed  on  the  morning  before  the 
test  is  done.  Blood  is  taken  for  the  fasting  blood  sugar.  Insulin  is 
then  injected  intravenously  in  an  amount  corresponding  to  0-1  unit 
per  kilogram  of  body  weight.  Further  blood  sugars  are  taken  20,  30 
45,  60,  90  and  120  minutes  after  the  insulin  was  given. 

The  normal  response  is  a  fall  of  the  blood  sugar  to  approximately 
50  per  cent,  of  the  fasting  level  in  about  half  an  hour,  followed  by  a 

wfn/  fasting  limits  which  are  reached 

within  90-120  minutes.  An  example  is  given  in  column  I,  Table  IX. 
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Table  IX 

Insulin  Tolerance  Tests 


I 

II 

III 

IV 

Fasting  Blood  Sugar  (mg.  per  100  ml.) 

80 

80 

65 

70 

Blood  Sugar  20  minutes  after  insulin 

45 

65 

35 

35 

,,  ,,  80  minutes  after  insulin 

38 

70 

25 

30 

,,  ,,  45  minutes  after  insulin 

48 

75 

25 

30 

,,  ,,  00  minutes  after  insulin 

00 

80 

25 

40 

,,  ,,  00  minutes  after  insulin 

75 

85 

25 

45 

,,  ,,  120  minutes  after  insulin 

85 

90 

25 
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Fraser,  Albriglit  iind  Smith  (1941),  who  suggested  this  test,  recog¬ 
nize  two  types  of  abnormal  response  : 

1.  The  insulin  resistant  type,  in  which  there  is  a  relatively  slight  or 
delayed  fall  in  blood  sugar.  This  may  be  obtained  in  some  cases  of 
diabetes  mellitus,  in  adrenal  cortical  hyperfunction  (Cushing’s 
syndrome),  and  in  anterior  pituitary  hyperfunction  (acromegaly). 
Results  of  this  type  may  also  sometimes  be  obtained  in  the  earlier 
stages  of  rheumatoid  conditions.  An  example  is  given  in  column  II 
of  Table  IX. 

2.  llypoglycannia  Unresponsiveness,  in  which  the  blood  sugar  falls 
as  in  the  normal  person,  or  to  even  lower  levels,  but  in  which  the 
subsequent  rise  is  delayed  or  even  does  not  occur.  This  is  seen 
particularly  in  anterior  pituitary  hypofunction  (Simmonds’  disease)  ; 
in  adrenal  cortical  hypofunction  (Addison’s  disease)  ;  and  in  hyper- 
insulinism.  It  may  be  useful  in  distinguishing  hypopituitarism  from 
anorexia  nervosa.  In  hypothyroidism  the  return  to  a  normal  blood 
sugar  occurs  more  slowly  than  in  normal  persons  (see  column  IV  in  the 
table).  In  Simmonds’  disease  in  particular,  the  blood  sugar  may  show 
no  sign  of  beginning  to  rise  again  even  at  the  end  of  the  test.  An 
example  of  such  a  finding  is  shown  in  column  III.  In  such  cases  it 
may  be  rather  dangerous  to  give  even  the  small  dose  of  insulin 
mentioned.  So  in  cases  of  suspected  Simmonds’  disease  the  dosage 
should  be  reduced  to  a  half  or  a  third  of  the  amount  stated,  and  the 
patient  watched  carefully  for  signs  of  hypoglycamia.  It  is  often 
advisable  to  give  such  patients  glucose  at  the  end  of  the  test,  some¬ 
times  intravenously. 

The  insulin  tolerance  test  may  also  be  used  to  differentiate  insulin 
resistant  or  insulin  insensitive  diabetics  from  those  who  are  normally 
sensitive  to  insulin  and  whose  diabetes  is  due  to  a  deficient  production 
of  insulin  (see  p.  71).  For  this  purpose  Ilimsworth  (1939)  used  a 
Glucose — Insulin  2'est  in  which  glucose  and  insulin  are  given  simul¬ 
taneously,  the  insulin  intravenously  in  the  same  amount  as  in  the 
insulin  tolerance  test,  the  glucose  by  mouth  as  in  the  glucose  tolerance 
test  or  as  Fraser  has  suggested,  0-1  unit  of  insulin  and  0*8  gram  of 
glucose  per  kilogram  of  ideal  body  weight.  (This  is  the  weight  a 
person  should  have  for  his  or  her  height  and  age.  See  Appendix, 
p  518.)  In  insulin  sensitive  persons  Riere  is  little  alteration  in  the 
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blood  sugar  after  these  two  injeetions  w'hilst  the  blood  sugar  rises  if 
the  patient  is  insulin  insensitive. 
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CHAPTER  IV 

TESTS  FOR  GLUCOSE  AND  OTHER  REDUCING 
SUBSTANCES  IN  URINE 


Tests  for  reducing  substances  in  urine  are  usually  made  with  the 
object  of  deciding  whether  or  not  glucose  is  present.  Of  such  tests 
the  two  most  commonly  used  are  those  of  Benedict  and  Fehling,  in 
which  alkaline  copper  solutions  are  reduced  to  cuprous  oxide. 
Although  normal  urines  are  able  to  give  a  slight  reduction  when  blood 
sugar  methods  are  applied  to  them,  this  is  not  sufficient  to  show  a 
positive  result  with  these  tests. 


Benedict’s  Test 

Benedict’s  qualitative  solution  is  used.  This  is  prepared  as  follows  : 
Dissolve  with  heat,  173  grams  of  sodium  citrate  and  100  grams  of 
anhydrous  sodium  carbonate  in  about  600  ml.  of  water  in  a  beaker. 
Into  this  run  slowly,  with  constant  stirring,  a  solution  of  copper 
sulphate  (CUSO4,  SHgO)  containing  17-3  grams  dissolved  in  about 
100  ml.  of  water.  Cool,  transfer  to  a  litre  volumetric  flask,  and  make 
to  the  mark  w'ith  water. 

Technique.  Add  8  to  10  drops  (or  0-5  ml.)  of  urine  to  5  ml.  of  the 
reagent  in  a  test  tube,  and  boil  for  two  minutes  or  place  in  a  boiling 
w^ater  bath  for  five  minutes.  'Allow  to  cool  spontaneously.  A 
precipitate  forms,  varying  from  greenish  to  yellowish  brown  to 
reddish  brown,  roughly  according  to  the  amount  of  reducing  sub¬ 
stance  present.  A  white  precipitate  may  be  produced  if  considerable 
amounts  of  phosphates  are  present.  Positive  results  are  obtained  if 
reducing  substances  equivalent  to  more  than  O’lO  to  0’15  per  cent, 
of  glucose,  by  blood  sugar  methods,  are  present. 


Fehling’s  Test 

Fehling’s  Solution.  Prepare  freshly  at  frequent  intervals  by  mixing 
equal  volumes  of  two  stock  solutions,  a  copper  solution  A,  and  an 
alkaline  tartrate  solution,  B. 

Solution  A.  6-93  grams  of  CUSO4,  SllaO  per  100  ml.  of 

solution.  ,  ,  .  -  1  o  < 

Solution  B.  20  grams  of  potassium  hydroxide  and  34-6  grams 

of  sodium  potassium  tartrate  (Rochelle  salt)  per  100  ml.  solution. 

Technique.  Place  equal  volumes  of  Fehling’s  solution  and  urine 
in  two  separate  test  tubes  and  bring  both  to  the  bml.  The  lehling  s 
solution  should  give  no  precipitate  on  boiling.  Wh""  ^  ^ 

the  urine  to  the  Fehling’s  solution  and  observe.  "nixture  may 

be  divided  into  two  portions  and  once  again  brought  to  the  bod,  b 
rontimred  heating  should  not  take  place.  The  amount  and  colour 
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of  the  precipitate  give  a  rough  idea  of  the  amount  of  reducing  sub¬ 
stance  present.  Small  amounts  give  a  greenish-yellow  colour,  larger 
ones  a  yellow  to  deep  reddish  brown.  The  colour,  however,  is 
influenced  by  other  factors,  such  as  the  rate  at  which  the  urine  is 
added  to  the  hot  alkaline  copper  solution. 

Benedict’s  test  is  the  more  satisfactory.  It  is  less  likely  to  give 
weakly  positive  results  with  concentrated  urines,  due  to  the  action 
of  creatinine  and  uric  acid,  and  it  is  rather  more  sensitive  to  small 
quantities  of  glucose  because  of  the  weaker  alkali  it  contains.  The 
strong  alkali  of  the  Fehling’s  solution  can  polymerize  small  amounts 
of  glucose,  particularly  if  the  mixed  solutions  are  vigorously  boiled. 

Clinitest.  This  is  a  useful  variant  of  the  above  reducing  tests, 
particularly  suitable  for  tests  made  away  from  a  laboratory  either  by 
physicians  or  patients.  The  alkaline  copper  reagent  is  made  up  in 
tablet  form.  The  tablets  contain  copper  sulphate,  caustic  soda 
(38-5  per  cent.),  sodium  bicarbonate,  and  citric  acid.  A  small  test 
tube  and  dropper  are  provided  with  the  outfit.  Measure  5  drops  of 
urine  and  10  drops  of  water  into  the  tube  and  add  one  tablet.  Owing 
to  the  large  amount  of  caustic  soda  present,  sufficient  heat  is  generated 
to  give  rapid  reduction.  A  small  colour  chart  is  included,  so  that  a 
rough  assessment  of  the  amount  of  sugar  present  can  be  made. 
Originated  by  the  Ames  Company,  Inc.,  Indiana,  U.S.A.,  the  sole 
distributors  for  the  British  Isles  are  Don  S.  Momand,  57  Albany 
Street,  London,  N.W.l.  The  outfit  is  stocked  by  some  chemists. 

Nylander’s  Test 

Another  test,  not  often  used,  is  Nylander’s,  in  which  urine  is  heated 
with  one-tenth  of  its  volume  of  Nylander’s  reagent  (warm  2  grams  of 
bismuth  subnitrate  and  4  grams  of  Rochelle  salt  with  100  ml.  of 
10  per  cent,  sodium  hydroxide,  cool,  and  filter)  in  a  boiling  water 
bath  for  five  minutes.  The  bismuth  is  reduced  to  the  metallic  form 
which  appears  as  a  black  precipitate.  This  test  is  not  given  by 
creatinine  and  urates,  but  it  is  necessary,  before  carrying  out  the 
test,  to  remove  any  proteins  present  by  boiling  and  filtering. 


NATURE  AND  IDENTIFICATION  OF  REDUCING 
SUBSTANCES  IN  URINE 

A  numbCT  of  substances  which  reduce  the  above  solutions  are 
ound  in  urine.  Ihese  include  the  carbohydrates  :  glucose,  fructose 
lactose,  galactose,  pentoses  ;  glucuronates'  formed  usually  by  linkage 
of  drugs  with  glucuronic  acid  ;  salicyluric  acid  ;  honiogentisic  acT 

™ne:nl‘rat«\  urint‘“  -"-’-“We  amounts  in 

iibsra'ccrravTbt  -'>-‘•'1' 
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Fermentation  Test 

A  simple  form  of  apparatus  is  shown  in  Fig.  15,  and  consists  of  a 
small  beaker  and  test  tube  of  convenient  size.  Mix  a  few  grams  of 
washed  yeast  with  25  to  30  ml.  of  the  urine,  which  has  been  ])reviously 
boiled  and  cooled.  Fill  the  test  tube  with  this,  cover  with  a  finger, 
invert  and  slip  under  the  remaining  liquid  in  the  beaker.  (Alter¬ 
natively  tubes  such  as  those  shown  in  Fig.  15  may  be  used.  Intro¬ 
duce  the  urine-yeast  mixture  so  that  the  closed  limb  is  filled.)  For 
reliable  results  the  yeast  must  be  washed  to  remove  any  sugar  which 
may  be  present,  and  the  urine  boiled  to  drive  off  any  dissolved  gases. 


Fig.  15.  Apparatus  for  Fermentation  Tests. 


and  destroy  micro-organisms  {B.  coli  can  form  gas  from  lactose). 
To  wash  the  yeast,  mix  well  with  distilled  water,  and  either  centrifuge 
or  filter  on  the  Ruchner  funnel.  Put  up  positive  and  negative 
controls  using  a  normal  urine,  boiled  and  cooled,  both  with  and 
without  added  glucose.  Place  the  tubes  in  an  incubator  at  37  C. 
Fermentation  will  occur  at  room  temperature,  but  is  more  rapid  in 
the  incubator.  Production  of  gas  is  obvious  in  an  hour  or  so  and 
should  be  complete  in  twenty-four  hours  when  the  mixture  can  be 
tested  again  for  the  presence  of  reducing  substances. 

Significance.  The  test  is  positive  only  with  glucose  and  fructose. 


Osazone  Test 

Technique.  Make  5  to  10  ml.  of  urine  just  acid  to  litmus  with 
acetic  ackl  and  mix  in  a  test  tube  with  half  a  gram  to  a  gram  of  a 
mixture  of  crvstalline  sodium  acetate  and  phenylhydrazine  Indro- 
chtori  Jc  in  the'proportion  of  two  parts  to  one.  Place  ,n  bo.lmg  wa  o 
for  half  to  one  hour  and  allow  to  cool  slowly  in  the  water  alter 
removing  the  burner.  Examine  the  deposit  microscopicall> . 

Phenviglucosazone,  which  is  formed  from  glucose,  fructose  and 
^hleuronates^  ^  obtained  as  a  rule  and  forms  sheaves  of  needle- 

Hkc  crvstals  (Fig.  16).  Phenyl lactosazone  crystals,  howeyei,  aic 
obLiSin  mc!^  Les  inly  witlfdilfieulty  with  the  of  lac.ose 

which  are  usually  present  m  urines  containing  . 
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Fig.  1(5.  Gliieosazone  Cr\’stals. 


than  the  glucosazone  crystals  and  more  feathery  in  appearance 
(Fig.  17).  Small  atypical  osazone  crystals  with  negative  fermentation 
test  are  most  probably  lactosazone  crystals.  Pentosazone  crystals 
are  more  like  glucosazone  crystals  but  are  usually  much  smaller. 

For  the  attempted  prejiaration  of  lactosazone  crystals  Cole  recom¬ 
mends  adsorption  on  to  charcoal  by  boiling,  followed  by  solution  out 
into  10  per  cent,  acetic  acid  with  subsequent  preparation  of  osazones. 


Fig.  17.  Lactosazone  Crj'stals. 


60 


PRACTICAL  CLINICAL  BIOCHEMISTRY 


Mix  25  ml.  of  urine  with  1  gram  of  charcoal  and  boil  for  a  few  seconds. 
Cool  and  shake  at  intervals  for  ten  minutes.  P’ilter,  drain  thoroughly, 
and  transfer  the  charcoal  to  a  mixture  of  10  ml,  of  water  and  1  ml. 
of  glacial  acetic  acid  in  a  porcelain  basin.  After  boiling  for  ten 
seconds  filter  into  a  boiling  tube  containing  about  half  to  a  gram  of 
the  mixture  of  sodium  acetate  and  phenylhydrazine  hydrochloride 
used  above.  Mix  well  and  place  the  tube  in  boiling  water  for  forty- 
live  minutes.  Allow  to  cool  spontaneously  in  the  water  for  at  least 
an  hour.  Examine  any  deposit  under  the  microscope. 

Partition  Chromatography 

Separation  of  carbohydrates  by  paper  chromatography  has  been 
worked  out  by  Partridge  (1946,  1948),  Partridge  and  Westall  (1948), 
and  Flood  et  al.  (1947,  1948),  and  applied  to  the  identification  of 
reducing  substances  in  urine  by  Horrocks  and  Manning  (1949). 

Reagents.  1.  Solvent,  n-butyl  alcohol — acetic  acid — water  mix¬ 
ture  (Partridge  and  Westall,  1948).  Mix  40  ml.  n-butyl  alcohol  with 


A.  Plate-glass  base, 
li.  Bell  jar. 

C.  Trough  containing  solvent. 


1).  Beaker  containing  water  saturated 
with  solvent. 

E.  Wooden  frame. 

F.  Glass  rod. 

P.  Filter-paper  cylinder. 


Fig.  18. 


Aiiparatus  for  Descending  Paper  Chromatography  of  reducing 
Substances  in  Urine.  {The  Lancet.) 


ml  irlaeial  acetic  acid  and  50  ml.  of  distilled  water.  Shake  well 
a  seifarating  funnel,  allow  to  separate,  and  run  the  aqueous  layer 

id  and  80  ml.  absolute  ethyl  alcohol. 
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8.  Phloroglucinol  reagent. 

80  ml.  of  90  per  cent,  ethyl  alcohol  and  make  up  ro 

25  per  cent,  w/v  p°epare”freshly  for  use  by  mixing 

4.  An^o  jeal  sdver  rntjate. 

compounds  may  form  on 

s"  A"niiine  hydrogen  oxalate  reagent  Shake  0-9  nd.  of  redistilled 
with  100  ml  of  M/10  oxalic  acid  solution. 

Technique.  Horrocks  and  Manning  carried  out  the  test  inside  a 
tall  belHar  standing  on  a  glass  plate.  Their  apparatus  is  shown  in 
Fig  ll  ^  Take  a  pifce  of  Whatman  No.  1  filter  paper  about  50  cm 
lo4,  and  of  such  a  width  that  it  can  fit  m  the  trough. 

line^  parallel  to  one  end  and  distant  about  10  cm.  Kfi  mm 

about  2  cm.  intervals  along  this  line,  4  drops  of  urine  and  10  c.  n  . 


Fig.  19. 


Cut  into  strips  along  dotted  lines  after  drying. 

X  Y  line  where  drops  urine  applied. 

C.  Control  spot.  V.  Urine  spots. 

X'Y'  Solvent  point. 

Filter  Paper  Strips  for  Descending  Chromatography.  {The  Lancet.) 


of  a  control  solution  containing  about  1  per  cent,  glueose  and  1  per 
cent,  lactose.  A  20  c.  mm.  haemoglobin  pipette  subdivided  into 
approximately  5  and  10  c.  mm.  is  convenient.  The  volume  of  urine 
used  varies  with  the  amount  of  reducing  substance  present.  Use 
5  c.  mm.  if  more  than  1  per  eent.  is  present,  10  c.  mm.  for  0-2  to 
1  per  cent.,  20  c.  mm.  for  less  than  0-2  per  cent.  Dry  the  filter  paper 
at  room  temperature  or  in  a  low  temperature  oven.  If  20  c.  mm.  is 
used,  apply  in  tw^o  10  e.  mm.  drops,  drying  the  first  spot  before  adding 
the  second.  For  descending  chromatography  hold  the  end  of  the 
filter  paper  in  the  trough  with  a  glass  rod  or  a  microscope  slide.  The 
line  X . .  Y  then  hangs  parallel  to  and  about  1  cm.  below  the  glass  rod 
F,  which  should  be  about  3  cm.  above  the  level  of  the  solvent  in  the 
trough.  For  ascending  chromatography,  form  the  filter  paper  into 
a  cylinder  and  stand  upright  in  the  trough.  A  4-inch  petri  dish  can 
be  used  and  will  accommodate  a  strip  of  filter  paper  28  cm.  wide,  on 
which  fourteen  spots  can  be  placed.  Fill  the  trough  with  the  solvent 
and  place  the  beaker  containing  the  aqueous  butyl  alcohol-acetic  acid 
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j)hase  on  the  glass  base.  Allow  the  solvent  to  How  until  the  solvent 
front  has  travelled  30  ein.  or  more,  whieh  may  require  twenty-four 
hours  or  longer.  Remove  the  filter  paper,  blot  between  filter  paper 
sheets  to  remove  excess  of  solvent,  and  outline  the  solv^ent  front  in 
pencil. 

Now  spray  rapidly  and  evenly.  An  atomizer  can  be  used.  Remove 
excess  of  reagent  by  blotting  between  filter  papers  and  place  the 
sprayed  paper  in  an  oven  at  100°  to  105°  C.  for  ten  to  twenty  minutes 
according  to  the  reagent  used.  Observe  at  five-minute  intervals. 
It  is  convenient  before  spraying  to  cut  the  filter  paper  into  strips  as 
shown  in  Fig.  10.  The  strips  can  then  be  sprayed  with  different 
reagents.  Compare  the  position  of  any  reducing  substances  present 
in  the  urine,  with  controls.  The  term  Rp  is  used,  and  is  given  by 

_  Distance  travelled  by  the  solute 

*  Distance  travelled  by  advancing  solvent  front. 

This  is  characteristic  for  a  particular  reducing  substance  in  a 
particular  solvent.  A  correction  can  be  made  for  temperature  by 


Table  X 

Values  for  Solvent  7i-Butyl  Alcohol,  Acetic  Acid,  Water 


Lactose  .... 
Maltose  .... 
d-Glucuronic  acid 
d-Galacturonic  acid  . 
d-Galactose 
d-Glucose 

LSorbose .... 
Sodium  urate  . 
d-Arabinose 
d-Fructose 

Dehydroascorbic  acid 
d-Xylose 

d-Ribose  .... 
d-Xyloketose  . 

Z-Ascorbic  acid 
Homogentisic  acid  . 

Urine  containing  salicylates 


I 

II 

III 

005 

009 

006 

0  07 

0-11 

0-06 

— 

0-12 

— 

— 

0-14 

- - 

0-17 

0-16 

0-12 

0-19 

0-18 

015 

— 

0-20 

— 

0-20 

— 

0-17 

0-22 

0-21 

0-21 

0-22 

0-23 

0-19 

— 

0-27 

— 

0-28 

0-28 

0-25 

0-29 

0-31 

— 

0-32 

— 

— 

0-45 

0-38 

0-42 

0-85 

— 

0-82 

0-87 

1. 

II. 

III. 


Descending  chromatography. 

corrected  for  temperature. 
Descending  chromatography. 

corrected  to  20°  C. 
Ascending  chromatography, 
corrected  for  temperature. 


Ilorrocks  and  Manning,  not 
Partridge  and  VVestall  (1948), 
Ilorrocks  and  Manning,  not 


Colour  Reactions  for  Paper  Chromatography  of  Reducing  Substances  in  Urine 
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oServS  R^^b different  temperatures.  Multiply  the 

n  ^  for  glucose  at  20°  C. 

'  Rk  for  glucose  at  <°  C. 

The  nature  of  a  reducing  substance  can  be  determined  by  its  R^  value, 
Table  X,  and  its  behaviour  with  spraying  reagents,  Table  XL  Spray 
the  strip  containing  the  control  spot  and  a  urine  spot  first  with 
benzidine.  This  will  detect  5  /ig.  of  reducing  sugars.  If  a  hexose 
is  present  spray  another  strip  with  the  phloroglucinol  reagent. 
This  will  detect  less  than  5  /xg.  of  fructose  and  about  20  jag.  of 
pentoses.  If  the  benzidine  test  shows  a  pentose,  confirm  with  the 
aniline  hydrogen  oxalate  spray.  This  will  detect  less  than  5  /ag. 
of  pentoses,  5  /ag.  of  glucose  and  galactose,  and  10  jag.  of  lactose 
and  fructose.  If  no  colour  is  given  by  benzidine  on  the  first  strip, 
no  sugar  is  present.  Spray  a  further  strip  with  the  ammoniaeal 
silver  nitrate  reagent. 

Polarimetry 

Additional  information  can  be  obtained  from  the  polarimeter  if 
the  laboratory  possesses  one,  though  with  small  amounts  of  reducing 
substance  this  instrument*  is  not  very  useful.  Glucose  and  lactose 
are  dextrorotatory,  fructose  Isevorotatory,  pentoses  variable,  glucuro- 
nates  laevo  but  free  glucuronic  acid  dextrorotatory. 

There  are  a  number  of  special  tests  for  these  reducing  substances 
which  mav  be  useful. 

Seliwanoff’s  Test  for  Fructose 

Hydrochloric  acid  acts  on  fructose  to  form  a  derivative  of  furfural- 
dehyde  which  gives  a  red-coloured  compound  when  linked  with 
resorcinol. 

Seliwanoff’s  Reagent.  Dissolve  50  mg.  of  resorcinol  in  33  ml.  of 
concentrated  hydrochloric  acid  and  dilute  to  100  ml.  with  water. 

Technique.  Add  a  few  drops  of  urine  (about  0-5  ml.)  to  about 
5  ml.  of  the  reagent  in  a  test  tube  and  bring  to  the  boil.  Fructose 
gives  a  red  colour  within  half  a  minute.  Contrast  if  necessary  with 
a  normal  urine.  The  test  is  sensitive  to  0-1  per  cent,  if  glucose  is 
absent,  but  if  glucose  is  present  it  is  less  sensitive  and  in  addition 
large  amounts  of  glucose  can  give  a  similar  colour. 

Rial’s  Test  for  Pentoses 

Hydrochloric  acid  acts  on  j)entoses,  in  a  way  comparable  to  its 
action  on  fructose,  to  yield  substances  which  link  with  orcinol  to 
form  green  compounds. 

Rial’s  Reagent.  Dissolve  300  mg.  of  orcinol  in  100  ml.  of  concen¬ 
trated  hydrochloric  acid  and  add  5  drops  of  10  per  cent,  ferric 

chloride  solution.  ,  ^ 

Technique.  Mix  5  ml.  of  Rial’s  reagent  with  0-5  ml.  of  the  urine 

and  heat  until  the  liquid  begins  to  boil.  Pentoses  give  a  green  colour. 
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Fructose,  as  with  Seliwanoff’s  reagent  gives  a  red  colour.  The  test 
is  sensitive  to  0-1  per  cent,  of  pentoses.  Glucuronates  can  give  a 
similar  colour  if  the  boiling  is  prolonged. 

Tauber’s  Test  for  Pentoses  (Tauber,  1937) 

Add  1  ml.  of  4  per  cent,  benzidine  solution  in  glacial  acetic  acid  to 
0-2  ml.  of  urine.  Heat  until  the  mixture  boils  vigorously.  Cool 
under  running  water  and  add  2  ml.  of  water.  A  pink  to  red  colour 
is  given  bv  pentoses.  If  large  amounts  of  protein  are  present  remove 
by  mixing  equal  volumes  of  urine  and  10  per  cent,  trichloracetic  acid 
and  filter.  Do  the  test  on  the  filtrate.  The  test  is  very  specific  for 
pentoses. 

Mucic  Acid  Test  for  Lactose  and  Galactose 

Evaporate  12  ml.  of  concentrated  nitric  acid  and  50  ml.  of  urine 
down  to  about  10  ml.  on  a  water  bath.  Cool,  add  10  ml.  of  'water  and 
allow  to  stand  overnight.  A  fine  white  precipitate  is  obtained  if 
lactose  or  galactose  is  present. 


Methylamine  Test  for  Lactose  (Fearon,  1947) 

Add  1  ml.  of  a  0*2  per  cent,  solution  of  methylamine  hydrochloride 
in  water,  followed  by  0-2  ml.  of  10  per  cent,  sodium  hydroxide,  to 
about  5  ml.  of  urine.  Mix  by  inversion,  cover  the  tube  with  a  glass 
bulb  and  heat  at  56°  C.  for  thirty  minutes.  Remove  from  the  bath 
and  stand  at  room  temperature.  Urines  containing  much  lactose 
will  show  a  red  colour  before  the  end  of  the  heating.  Colour  increases 
on  standing  reaching  a  maximum  in  about  an  hour,  so  that  urines  Ioav 
in  lactose  are  best  observed  after  standing.  Compare  with  a  blank, 
particularly  if  there  is  only  a  small  amount  present.  0-5  per  cent, 
lactose  gives  an  intense  red  colour  after  fifteen  to  twenty  minutes  at 
56°  C.,  0-05  per  cent,  a  slight  but  definite  colour  after  standing  thirty 
minutes  at  room  teinj^erature.  The  only  sugars  wfiiich  give  a  red 
colour  are  reducing  disaccharides,  lactose  and  maltose.  Glucose, 
fructose,  xylose,  galactose  and  sucrose  in  large  amounts  give  a  yellow 
colour  which  is  easily  distinguished. 


Tollen’s  Test  for  Glucuronic  Acid 

Add  0-5  to  1-0  ml.  of  1  per  cent,  naphthoresorcinol  in  95  per  cent, 
alcohol  and  5  ml.  of  concentrated  hydrochloric  acid  to  5  ml.  of  urine.' 
lieat  gently  to  boiling  and  boil  for  one  minute  with  constant  shaking* 
t  ool  slo^yly.  Extract  with  an  equal  volume  of  ether.  Glucuronates 

Colour.  '''  ^e^toses  give  a  similar 

Tollen’s  Test  for  Pentoses,  Galactose,  and  Glucuronic  Acid 

Add  a  little  phloroglucinol  to  a  mixture  of  equal  volumes  of  urinr 
and  hydrochloric  acid.  Heat  on  a  boiling  water  bat I 

lnT»\u  acid  give  a  red  colour,  but  whereas'pentosS 

an^glueuro.uc  ae.d  g.ve  a  band  in  tl>e  yellow  on  spect“ic 
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examination,  galactose  does  not.  This  test  is  given  by  galactose  but 
not  by  lactose.  ^ 


Test  for  Salicyluric  Acid 

Salicyluric  acid  if  present  as  a  result  of  taking  salicylates  can  be 
recognized  by  the  ferric  chloride  test  for  salicylates.  Add  10  per  cent, 
ferric  chloride  drop  by  drop  to  a  few  ml.  of  urine  in  a  test  tube. 
Salicylates  give  a  reddish  purple  colour,  which  is  not  affected  by 
boiling.  A  precipitate  of  phosphates  may  form  at  first,  but  further 
addition  of  ferric  chloride  gives  the  typical  colour. 

Homogentisic  Acid.  See  pp.  68,  490,  for  tests  for  this. 


Significance  of  Reducing  Substances  in  Urine 

Glucose.  Except  for  the  very  rare  cases  of  galactosuria  referred 
to  below,  glucose  is  the  only  one  of  the  carbohydrates  found  in 
urine  which  is  significant  pathologically.  As  we  have  seen,  glucose 
is  present  in  the  urine  whenever  the  blood  glucose  rises  above  the 
renal  threshold.  So  long  as  the  threshold  is  normal,  glycosuria  is 
found  in  all  conditions  in  which  the  glucose  tolerance  is  diminished. 

The  most  important  of  these  is  diabetes  mellitus,  in  which  there  may 
be  as  much  as  5  to  6  per  cent,  glucose  in  the  urine.  Glucose  is  also 
found  in  the  urine  of  patients  with  hyperactivity  of  the  endocrines, 
that  is,  in  hyperthyroidism,  in  hyperpituitarism,  and  in  hyperadrenalism 
and  may  also  be  produced  by  injection  of  the  hormones  of  these 
glands.  The  amount  of  glucose  found  in  these  conditions  is  usually 
only  slight  to  moderate.  In  this  connection,  severe  emotional 
disturbances,  produced,  for  example,  by  anger,  fear,  or  excitement, 
may  lead  to  a  temporary  glycosuria  as  a  result  of  the  secretion  of 
adrenaline.  Severe  liver  disease  and  whole  organ  disease  of  the  pancreas 
(as  distinct  from  disease  of  the  Islets  of  Langerhans  causing  diabetes) 
may  also  be  accompanied  by  some  glycosuria.  As  seen  earlier  (p.  48) 
there  is  diminished  glucose  tolerance  in  many  infections  and  in  a 
number  of  terminal  conditions  so  that  glucose  may  sometimes  be 
found  in  the  urine  in  these  states.  It  should  also  be  noted  that 
anaesthesia  causes  a  rise  in  blood  sugar,  sufficiently  great,  in  some 
instances,  to  exceed  the  threshold,  so  that  glycosuria,  may  result  from 
ancesthesia  in  normal  persons.  Asphyxia  has  a  similar  effect. 

Finally  there  are  those  cases  of  apparently  normal  people,  wlio 
show  a  rather  exaggerated  response  to  carbohydrate,  giving  a  tran¬ 
sient  glycosuria,  and  those  cases  of  renal  glycosuria,  \n  which  glucose 
tolerance  is  normal,  but  the  renal  threshold  is  lowered.  Whilst 
usually  small  in  amount,  considerable  quantities  of  glucose  may  be 

excreted  in  some  cases.  .  ,  ,  .  . 

Except  in  the  case  of  severe  diabetes  mellitus  the  glycosuria  is 

^^^Lact^ose.^  ^This  is  the  most  important  of  the  other  carbohydrates 
which  may  be  iiresent  in  urine.  It  is  sometimes  found  in  the  urine  of 
women  during  lactation,  and  occasionally  towards  the  end  of  preg¬ 
nancy.  The  sudden  stopping  of  lactation  is  said  to  be  particular  y 
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likely  to  cause  a  temporary  lactosuria.  The  condition  is  naturally  a 
harmless  one. 

The  question  of  a  positive  test  for  reducing  substances  in  the  later 
stages  of  pregnancy  is  one  which  is  of  some  imj)ortance.  The 
majority  of  such  tests  show  the  presence  of  only  a  small  amount  of 
reducing  substance,  and  in  most  cases  this  is  found  to  be  glucose,  the 
condition  being  apparently  a  renal  glycosuria,  glucose  tolerance  being 
normal.  There  are  thus  three  possibilities  if  sugar  is  found  in  the 
urine  during  pregnancy.  These  are  (1)  glucose,  the  result  of  a  renal 
glycosuria  ;  (2)  glucose,  arising  from  a  true  diabetes  mellitus  ;  and 
(3)  lactose.  Of  these  the  first  is  by  far  the  commonest,  and  only  the 
second  is  of  serious  significance.  In  investigating  such  a  case  the 
more  common  procedure  is  to  do  a  blood  sugar  determination.  If 
this  is  normal,  the  glyeosuria  slight,  and  the  condition  symptomless, 
it  may  not  be  considered  necessary  to  proceed  further.  But  if  any 
doubt  remains  or  one  wishes  to  be  more  certain  a  glucose  tolerance 
test  will  settle  the  question.  If  this  is  normal  the  condition  is  a 
harmless  one  and  the  actual  nature  of  the  reducing  substance  one  of 
interest  only. 

Galactose.  Galactose  is  found  in  the  urine  only  very  rarely.  It 
may  be  excreted  after  taking  considerable  amounts  of  galactose  or 
lactose.  It  has  been  said  to  occur  occasionally  in  lactation.  A 
galactosaemia  leading  to  a  galactosuria  has  been  reported  in  infants, 
due  to  an  inability  to  metabolize  galactose  (see  Bray,  Isaac,  and 
Watkins,  1952  ;  Donnell  and  Laun,  1951  ;  Townsend,  Mason,  and 
Strong,  1951). 

Fructose.  Fructose  may  be  found  in  the  urine  after  foods  which 
are  rich  in  it,  have  been  eaten.  These  are  mostly  fruits,  honey, 
syrup,  and  janris.  It  may  also  be  found  along  with  glucose  in  the 
urine  of  diabetics.  Fructosuria  also  occurs,  though  very  rarely,  as 
a  congenital  defect— essential  fructosuria.  In  no  case  is  the  condition 
harmful  but  should  not  be  wrongly  assumed  to  be  diabetic. 

Pentoses.  These  occur  under  similar  conditions  to  fructose,  that 
is,  after  eating  considerable  amounts  of  certain  fruits,  such  as 
damsons,  cherries,  prunes,  plums,  and  as  a  congenital  abnormalitv. 
Again,  m  neither  case  is  the  condition  harmful,  but  as  with  fructose 
It  is  important  that  the  case  should  not  be  wrongly  treated  as  diabetic 
1  entoses  may  also  occur  along  with  glucose  in  the  urine  of  diabetics. 

Galactose,  fructose  and  pentoses  have  no  renal  threshold  so  that 

ley  are  excreted  m  the  urine  as  soon  as  there  is  an  appreciable 
amount  present  m  the  blood.  appreciable 

Glucuronates.  Present  only  in  traces  in  normal  urine  these  are 
excreted  in  greater  amounts  when  certain  drugs  are  being  taken  It 
.s  then  that  alkahne  copper  solutions  may  bf  reduced.®  The  dru2 
are  conjugated  with  glucuronic  acid.  Examples  are  antinvrenp 
sulphonal  menthol,  morphine,  salicylic  acid,  chloral  hydrate  ^  “if  tb^ 

Srcon^rf  “‘d  is  liberaTed  reduce 

y^ts  and  certairdisting^fshing\SL'‘ can^eTs^^^  Furtr^^"^ 

.f  the  drug  is  withdrawn  fhc  tJs  should  bcotmrnegat.ve  '™”^' 
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Salicyluric  Acid.  This  substance,  formed  by  the  conjugation  of 
glycine  with  salicylic  acid,  may  be  excreted  when  salicylates  are  being 
taken.  Tests,  as  with  glucuronates,  become  negative  on  withdrawing 
the  drug. 

Homogentisic  Acid.  This  is  found  in  the  urine  in  the  very  rare 
condition,  alkaptonuria,  in  which  metabolism  of  phenylalanine  and 
tyrosine  is  incomplete.  This  is  discussed  more  fully  later  (see  p.  490). 
The  urine,  on  standing,  gradually  darkens  in  colour  from  the  surface 
downwards,  owing  to  the  oxidation  of  the  homogentisic  acid.  A 
greenish-brown  or  black  colour  results  from  boiling  such  a  urine  with 
Benedict’s  solution.  The  precipitate  appears  brown  when  formed, 
but  when  it  settles  to  the  bottom  of  the  tube  it  is  seen  as  yellow 
cuprous  oxide.  Heated  with  Fehling’s  solution,  the  urine  becomes 
black,  and  a  reddish  precipitate  settles  out.  Yeast  does  not  ferment, 
and  there  is  no  rotation  of  the  plane  of  polarized  light. 

Uric  Acid  and  Creatinine.  In  high  concentration  these  substances 
may  give  slight  reduction.  This  is  more  likely  to  occur  with  Fehling’s 
solution  than  with  Benedict’s. 


Investigation  of  a  Case  in  which  there  is  a  Positive  Test  for  Reducing 

Substance  in  the  Urine 

It  is  clear  from  what  has  been  said,  that  with  rare  exceptions  only 
glucose  of  the  many  substances  which  can  reduce  alkaline  copper 
solutions,  has  pathological  significance.  Then  the  only  point  of 
importance  is  to  decide  whether  the  patient  has  diabetes  mellitus. 
If  the  symptoms  of  diabetes  are  present,  the  diagnosis  is  confirmed 
either  by  a  blood  sugar  estimation  or  by  a  glucose  tolerance  test  in 
those  cases  in  which  the  blood  sugar  is  within  normal  limits. 

An  important  group  of  cases  is  that  in  which  a  positive  test  has 
been  obtained  on  a  routine  medical  examination,  as  in  pregnancy,  for 
life  insurance,  etc.,  there  being  no  symptoms  suggesting  diabetes. 
In  the  majority  of  such  cases  the  urine  contains  glucose,  but  only 
rarely  do  the  persons  have  diabetes.  As  the  important  point  is  to 
exclude  diabetes,  the  tendency  nowadays  is  to  do  a  glucose  tolerance 
test,  and,  if  that  is  normal,  to  ignore  the  positive  reduction  test  as  of 
no  significance  and  not  to  iiiN'Cstigate  the  nature  of  the  reducing 

substance  present  in  the  urine.  , 

If,  however,,  it  is  desired  to  determine  the  nature  oj  the  reducing 

substance  the  folloiving  procedure  may  he  used.  .  • 

1.  t'arrv  out  the  fermentation  test  with  yeast.  Ihis  is  tlie  most 
valuable  simple  test.  A  positive  result  indicates  the  presence  of 
glucose  or  fructose,  or  both.  Test  for  fructose  with  Sehwanofi  s 

reagent.  If  this  is  negative  glucose  is  present. 

If  the  fermentation  test  is  negative,  glucose  is  excluded  ancl  in 
almost  all  cases  (see  above)  the  reducing  substance  can  be  ignored.  ^ 
After  veast  treatment,  test  the  urine  with  Benedict  s  or  hehling  s 
rcaL^ent  to  find  whether  any  other  reducing  substances  are  presen  . 

Carrv  out  paper  chromatography.  This  is  particularly  valuable 
for  the  sugars  which  occur  less  commonly  and  when  more  than  one 

is  jircsent. 


TESTS  FOR  REDIKTNG  SUBSTANCES  IN  URINE  CO 


These  investigations  are  usually  sufficient,  but  special  tests  can 
also  be  done. 

3.  Test  for  salicylates  with  a  few  drops  of  ferric  chloride. 

4.  If  a  nursing  mother  or  infant  test  for  lactose  and  galactose  by 
special  tests.  Osazones  may  be  prepared; 

5.  Test  for  pentoses,  for  example,  by  Bial’s  test. 

6.  Test  for  glucuronates  by  special  tests  and  see  if  the  patient  has 
been  taking  any  drugs  likely  to  form  them. 

7.  If  everything  else  is  negative,  note  whether  the  urine  is  a 
concentrated  one. 


QUANTITATIVE  DETERMINATION  OF  GLUCOSE  IN  URINE 


For  most  purposes  a  sufficiently  good  idea  of  the  amount  of  glucose 
can  be  obtained  from  the  qualitative  tests.  Thus  with  Benedict’s 
test,  it  is  useful  to  remember  that  with  urines  containing  2  per  cent, 
sugar  or  more,  the  supernatant  fluid  is  colourless  when  the  precipi¬ 
tate  is  allowed  to  settle  out.  A  greenish  precipitate  is  obtained  with 
sugar  in  the  region  of  0-25  per  cent.,  a  greenish-yellow  at  about  0-5  per 
cent.,  and  a  yellowdsh-orange  with  about  1  per  cent. 

The  amount  of  glucose  which  is  being  lost  daily  may  sometimes  be 
required.  A  tw^enty-four-hour  specimen  is  then  collected  and  the  glucose 
content  estimated  accurately.  Any  of  the  blood  sugar  methods  in 
use  can  be  applied  to  urine,  which,  how^ever,  usually  needs  diluting 
in  order  to  bring  the  concentration  of  glucose  to  within  the  range  of 
the  method  used.  In  most  cases  this  means  to  below  about  400  mg. 
per  cent.  The  dilution  necessary  can  be  gauged  from  the  qualitative 
test.  M  hen  blood  sugar  methods  are  used  for  urine  a  small  amount 
of  reducing  substances  is  found  even  in  urines  which  give  negative 
results  with  Benedict  s  and  Fehling’s  tests.  This  corresponds  to  less 
than  150  mg.  glucose  per  100  ml.  urine.  Estimation  before  and  after 
the  action  of  yeast  will  give  the  amount  of  fermentable  sugar  present. 

Benedict  s  quantitative  method  is  commonly  used  for  the  estima¬ 
tion  oi  sugar  m  the  urine. 


Determination  of  Urine  Sugar  by  Benedict’s  Method 

•  all^aline  copper  solution  is  used,  but  Benedict 

included  potassium  thiocyanate  and  potassium  ferrocyanide  in  his 

P-cipitat/and  so  avow 
e„d.poi„t-the  disappeLne^e  ofL  le 
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2.  Sodium  carbonate  (anhydrous). 

Technique.  Pipette  25  ml.  of  the  Benedict’s  quantitative  solution 
into  a  100  ml.  round  bottomed  flask  or  beaker  and  add  3  to  4  grams 
of  sodium  earbonate.  Introduee  a  few  pieees  of  porcelain  to  reduce 
the  risk  of  bumping.  Bring  to  the  boil  and,  whilst  boiling,  run  in 
urine  slowly  from  a  burette,  shaking  well  at  intervals.  A  white 
precipitate  is  formed  and  the  blue  colour  gradually  disappears. 
Reduce  the  rate  of  addition  of  the  urine  as  the  end-point  is  approached 
until  it  is  being  added  drop  by  drop.  The  end-point  is  reached  as 
soon  as  the  blue  colour  has  completely  disappeared.  The  most 
satisfactory  titration  is  one  requiring  between  8  and  12  ml.  of  urine. 
This  corresponds  to  about  0-5  per  cent,  of  glucose.  Use  either  the 
qualitative  test,  or  do  a  quick  preliminary  titration,  to  decide  what 
dilution  of  the  urine,  if  any,  is  required  to  give  such  a  final  titration. 

The  final  titration  should  be  carried  out  quickly  almost  to  the  end¬ 
point,  which  is  then  determined  carefully  by  drop  by  drop  addition 
of  the  urine.  If  the  flask  is  allowed  to  stand  after  finishing  the 
titration,  some  re-oxidation  may  occur  because  of  the  action  of  the 
air,  and  a  greenish-blue  colour  then  reappears.  This  should  be 
ignored. 

Calculation.  0  05  gram  of  glucose  reduces  25  ml.  of  the  alkaline 
copper  solution.  Hence 

Grams  glucose  per  100  ml.  urine 

_  0  05  X  100  X  N 

ml.  required  for  the  titration 

where  N  =  number  of  times  the  urine  w^as  diluted. 

Note.  Lactose  can  be  estimated  in  the  same  way,  but  a  different 
factor  has  to  be  used  in  the  calculation.  0-067  gram  of  lactose  are 
required  to  reduce  25  ml.  of  the  Benedict’s  solution.  Fructose  and 
galactose  have  a  factor  0-053,  more  nearly  the  same  as  glucose. 
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DIABETES  MELLITUS 


Ever  since  the  isolation  of  insulin  by  Banting  and  Best  in  1921  work 
has  been  going  on  in  an  endeavour  to  find  out  at  what  point  in  the 
metabolism  of  carbohydrate  it  acts  and  to  elucidate  the  pathology 
of  diabetes.  For  a  summary  of  the  present  position  on  these  subjects 
the  reader  is  referred  to  Himsworth’s  Oliver  Sharpey  Lecture  (1949) 
where  also  a  good  deal  of  the  relevant  literature  is  cited.  For  a  full 
discussion  of  many  aspects  of  these  problems  see  Soskin  and  Levine 
(1946). 

It  now  appears  that  insulin  exerts  its  effect  on  the  reaction  in  which 
glucose  is  converted  into  glucose-6-phosphate  under  the  influence  of 
adenosine  triphosphate,  a  reaction  which,  catalysed  by  hexokinase, 
forms  the  first  stage  both  of  glycogen  formation  from  glucose,  and  of 
the  series  of  reactions  by  which  glucose  is  oxidized  to  carbon  dioxide 
and  water  in  the  body.  It  is  this  reaction  which  the  diabetic  person 
is  not  able  to  perform  normally.  It  has  been  shown  by  Cori  and  his 
co-workers  that  this  hexokinase  reaction  is  inhibited  bv  anterior 


pituitary  extracts,  an  inhibition  which  is  counteracted  by  insulin. 
Adrenocortical  extracts  also  inhibit  the  reaction.  These  findings  go 
a  good  way  towards  explaining  some  of  the  observations  on  diabetes 
melhtus  made  during  the  years  following  the  introduction  of  insulin 
treatment. 

It  appears  that  insulin  in  this  way  makes  possible  adequate 
utilization  of  glucose  by  the  tissues  at  normal  blood  sugar  levels. 
M  hen  sufficient  insulin  is  not  available,  abnormally  high  blood  sugar 
Ie\  els  are  produced,  and  this  partially  restores  a  more  normal  rate  of 
glucose  uWization'.  The  nature  of  the  increase  in  blood  sugar  is 
discussed  by  Himsworth  in  some  earlier  papers  (1939). 

Furthermore  Himsworth  regards  diabetes  mellitus  as  a  svndrome 
rather  than  as  a  single  disease,  since  it  may  arise  from  several  causes. 

f  *'■*'“*  (leflciency  in  the  amount  of  insulin 

roduced,  such  as  may  result  from  actual  destruction  of  islet  tissue 

tion^nf  when  there  is  increased  produc- 

lon  of  anterior  pituitary  hormone  or  adrenocortical  hormone  In 
such  cases  the  amount  of  insulin  produced  by  the  pancreas  is  not 
sulhcient  to  inhibit  the  effect  of  these  hormones  ’^Whatever  Ihe 

produced““'°  impaired  and  a  diabetic  condition  is 

Himsworth  (Ins9)  divided  diabetics  into  two  groups  an  insulin 
ensitive  type,  in  which  there  is  actual  deficiency Sulin  nrodue 
tion,  and  an  insulin  insensitive  group,  in  which  iLulin  fs  thou^it  to 
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be  produced  normally  but  is  not  able  to  exert  its  normal  effect, 
possibly  because  of  alterations  in  other  factors  referred  to  above’. 
Insulin  sensitivity  can  be  assessed  by  the  insulin-glucose  test  devised 
by  Himsworth  (see  p.  54).  When  this  is  applied  to  diabetics,  it  is 
claimed  by  Himsworth  that  it  roughly  divides  them  into  these  two 
groups,  of  which  the  insulin  sensitive  are  the  young  diabetics,  in 
whom  the  disease  is  severer,  and  has  had  a  more  sudden  onset.  Tl^e 
patients  respond  well  to  insulin,  and  are  more  likely  both  to  dev^lo^ 
hypoglycaemia  from  insulin  over-dosage  and  to  go  into  ketosis  when 
treatment  is  inadequate.  On  the  other  hand,  there  are  the  insulin 
insensitive  diabetics,  who  are  usually  elderly  and  obese  in  contrast  to 
the  under-weight  younger  insulin  sensitive  diabetics.  They  often 
have  arteriosclerosis,  and  the  disease  is  relatively  mild  and  insidious 
in  its  onset.  These  diabetics  tolerate  considerable  over-dosage  of 
insulin  without  going  into  hypoglycaemia  and  develop  ketosis 
comparativ^ely  rarely. 

Recently  Lawrence  and  Bornstein  (1951,  see  also  Lawrence,  1951) 
have  studied  the  amount  of  insulin  present  in  the  circulating  blood, 
and  found  that,  in  severe  cases  with  ketosis,  insulin  was  absent, 
whereas  in  a  series  of  obese  cases  with  no  ketosis,  insulin  was  present 
in  amounts  similar  to  those  in  normal  persons,  and  that  the  condition 
could  easily  be  controlled  by  low  diets  without  insulin.  They  used 
the  technique  of  Bornstein  (1950).  In  this,  the  plasma  under  test 
is  injected  into  alloxan-diabetic  rats,  which  have  had  their  pituitary 
and  adrenal  glands  removed.  The  fall  in  blood  sugar  is  measured, 
and  compared  with  the  result  obtained  on  the  same  animals  previously 
using  crystalline  insulin. 

Insulin  sensitivity  appears  to  decrease  with  increasing  age,  and  to 
be  reduced  by  low  carbohydrate  diets  and  by  injection  of  pituitary 
extracts.  The  diminished  sensitivity  resulting  from  low  carbo¬ 
hydrate  intake  has  an  important  bearing  on  the  proportion  of 
carbohydrate  which  should  be  included  in  the  diet  of  diabetics,  and 
has  given  further  support  to  the  tendency  to  give  diabetics  a  diet 
containing  a  higher  proportion  of  carbohydrate  than  was  used 

The  characteristic  feature  of  diabetes  mellitus  then,  is  a  dimini^l^d 
ability  to  utilize  glucose  at  ordinary  blood  sugar  levels.  This 
produces  a  diminished  glucose  tolerance  with  a  raised  blood  sugar, 
which  is  often  well  above  the  renal  threshold  for  glucose.  Varying 
deerees  of  glycosuria  result.  It  is  this  loss  of  glucose  m  the  urine 
which  is  responsible  for  several  of  the  most  prominent  symptoms  of 
diabetes.  The  osmotic  pressure  of  the  glucose  present  leads  to  the 
excretion  of  an  increased  voinme  of  urine,  So  toe  .s  a  Pol^a  'v.th 
frequency  of  micturition  and  a  pale  urine.  Up  to  5  to  6  litres  ot 
irne  may  be  passed  daily.  The  glucose  presen  .however  mcreae 
the  sneeifie  gravity,  which  may  be  as  high  as  l;0tb.  A  pale  urine 
lltt,  ^1  Wah  snecilic  Gravity  is  characteristic  of  the  condition.  A 
iuSier  elL;Se  o'}  the  "polyuria  is  the  thirst,  wh  eh  is  often  so 

marked  and  is  such  a  characteristic  symptom  of  diabetes. 

To  produce  the  high  level  of  glucose  in  the  blood,  the  maintenance 
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of  which  is  made  more  difficult  by  the  loss  of  glucose  in  the  urine, 
increased  production  of  glucose  may  take  place  in  the  liver  frorn 
amino-acids  derived  from  proteins.  If  sufficient  glucose  is  not 
obtained  from  other  sources,  body  protein— mainly  muscle— will  be 
drawn  on.  This  causes  the  wasting  and  loss  of  weight  with  muscular 
weakness  and  lassitude  which  are  found.  An  increased  appetite  is 
o:^en  another  noticeable  symptom,  which  arises  from  this  heavy  loss 
of  rhaterial  from  the  body. 

There  is  also  increased  mobilization  of  fat.  In  severer  cases  more 
fat  is  used  for  supplying  the  energy  requirements  of  the  body. 
Blood  fat  and  cholesterol  are  raised  (see  pp.  194,  188),  and  there  is 
increased  formation  of  ketone  bodies  with  production  of  an  acidosis, 
ketosis,  which,  if  the  condition  is  untreated,  results  eventually  in 
diabetic  coma.  We  shall  next  consider  the  tests,  qualitative  and 
quantitative,  for  these  ketone  bodies. 


KETOSIS 


The  most  important  consequence  of  the  increased  metabolism  of 
fat  in  diabetes  is  the  accumulation  in  the  blood  of  the  following 
ketone  bodies  : 

acetoacetic  acid  CHg.CO.CHg.COOH  (diacetic  acid). 

^-hydroxybutyric  acid  CHg.CHOH.CHg.COOH,  formed  by  reduc¬ 
tion  of  acetoacetic  acid. 

acetone  CH3.CO.CH3,  formed  in  the  body  as  a  secondary  product 
from  acetoacetic  acid  by  loss  of  carbon  dioxide. 

It  is  now  held  that  the  liver  is  the  main  site  of  formation  of  the  two 
acids  given  above.  Unless  adequate  glucose  is  available,  the 
liver  is  compelled  to  use  an  increased  amount  of  fat,  so  that  these 
acids  are  formed  in  quantities  too  great  for  the  tissues  to  metabolize 
them.  They  then  begin  to  accumulate  in  the  blood  and  to  be 
excreted  in  the  urine.  It  has  been  shown  that  diabetics  are  able  to 
metabolize  these  substances.  It  is  the  increased  production  which  is 
significant.  In  addition  to  the  ketosis  of  diabetes,  starvation  ketosis 
arises  in  the  same  way.  Testing  the  urine  for  these  substances  is  an 
important  part  of  the  routine  examination  of  diabetic  patients. 

Qualitative  Tests  for  Ketone  Bodies  in  Urine 


1 .  Gerhardt’s  Ferric  Chloride  Test 

Add  10  per  cent,  ferric  chloride  solution,  drop  by  drop,  to  a  few  ml. 
o  urine  m  a  test  tube.  A  purplish  colour  is  given  by  acetoacetic 
acid.  If  considerable  amounts  of  phosphate  are  present  a  precipitate 
o  ferric  phosphate  is  produced.  It  may  be  necessary  to  filter  this  off 
Add  more  ferric  chloride  after  filtering  and  again  observe.  A  similar 
colour  IS  given  by  salicylic  acid  and  salicvlates.  These  can  be 

lowarff  heai  On  their  .lifferent  behaviour 
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gives  the  test.  If  the  heating  is  done  after  adding  the  ferric  chloride, 
the  colour  already  formed  disappears.  Salicylates  are  unaffected  by 
boiling  the  urine  and  the  colour  persists.  This  test  is  only  given  by 
acetoacetic  acid,  not  by  the  other  two  substances. 


2.  Rothera’s  Nitroprusside  Test 

Shake  a  few  ml.  of  urine  with  solid  ammonium  sulphate  in  excess 
and  add  a  little  sodium  nitroprusside,  either  a  few  drops  of  solution 
or  a  small  quantity  of  the  powdered  solid.  Add  about  1  to  2  ml.  of 
concentrated  ammonia.  A  purple  colour  is  given  by  acetoacetic 
acid  and  acetone.  If  the  ammonia  is  layered  on,  a  purple  ring  is 
obtained  at  the  junction  of  the  liquids.  This  test  is  not  given  by 
salicylates. 

Rothera’s  test  is  much  more  sensitive  than  Gerhardt’s,  being 
positive  1  in  100,000  as  compared  with  1  in  a  few  thousand  for  the 
Gerhardt  test. 

Modification  using  a  Powdered  Reagent.  Several  workers  have 
carried  out  the  test  in  this  form.  The  following  is  the  technique  of 
Dumm  and  Shipley  (1946).  Weigh  out  1  gram  of  sodium  nitroprusside 
(very  finely  ground),  20  grams  of  ammonium  sulphate,  and  20  grams 
of  anhydrous  sodium  carbonate.  Mix  completely,  but  do  not  grind 
together.  Keep  dry.  Such  a  powder  will  keep  for  at  least  a  year. 
Place  a  small  pinch  of  the  jiowder,  5  mm.  in  diameter,  on  a  white 
filter  paper.  Add  1  drop  of  urine.  Acetone  and  acetoacetic  acid  give 
an  immediate  violet  colour. 

The  manufacturers  of  the  Clinitest  (p.  57)  have  also  produced  a 
tablet  form  of  Rothera’s  test  known  as  the  Acetest,  in  which  one  drop 
of  urine  is  placed  on  a  tablet  containing  sodium  nitroprusside, 
aminoacetic  acid,  and  disodium  phosphate.  A  purjile  colour  is  given 
by  acetoacetic  acid  and  acetone. 


It  will  have  been  noticed  that  neither  of  these  commonly  used  tests 
is  given  by  ^-hydroxybutyric  acid,  for  which  there  is  no  test  in 
everyday  routine  use.  Howevxr,  they  almost  always  occur  together. 
If  it  is  desired  to  test  for  this  substance,  it  is  necessary  to  oxidize  it 
to  acetoacetic  acid.  This  can  be  done  by  means  of  hydrogen  peroxide. 
Add  a  few  drops  of  acetic  acid  to  some  urine  diluted  1  :  1  with 
distilled  water.  Boil  for  a  few  minutes  to  remove  acetone  and 
acetoacetic  acid.  Add  about  1  ml.  of  hydrogen  peroxide,  warm 
gently,  cool,  and  apply  Rothera’s  test.  This  is  now  positive  if 
/S-hydroxybutyric  acid  was  originally  present  in  the  urine. 

Determination  of  Ketone  Bodies  in  Blood  and  Urine 

It  is  only  rarely  that  biochemists  are  asked  to  estimate  the  amount 
of  ketone  bodies  present  in  blood  or  urine.  Dumm  and  Shipley 
a946)  have  adapted  their  urine  method  to  give  an  approximate 
measure  of  the  acetone  and  acetoacetic  acid  present  in  serum. 

I  Approximate  Method  of  Dumm  and  Shipley 

Dunin.  and  Shipley  found  tliat  the 
acetoL  and  acetoacetic  acid  whiel>  gives  a  pos.t.ve  test  with  the 
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powder  described  previously  is  roughly  10  mg.  per  100  ml.  For  blood, 
carry  out  the  test  as  for  urine  but  using  1  drop  of  serum.  If  this 
gives  a  positive  test,  dilute  1  in  2  and  repeat.  If  still  positive,  dilute 
further  and  continue  until  no  colour  is  obtained.  If,  for  example, 
the  last  specimen  to  give  a  positive  test  was  a  1  in  10  dilution,  the 
concentration  of  acetone  and  acetoacetic  acid  is  approximately 
100  mg.  per  100  ml. 


II.  Methods  of  Van  Slyke  (Van  Slvke,  1917,  1929  ;  Van  Slyke 

and  Fitz,  1917,  1919) 

These  use  the  observation  of  Deniges  that  when  acetone  is  boiled 
with  mercuric  sulphate  and  sulphuric  acid  it  gives  a  precipitate  many 
times  heavier  than  the  acetone  which  it  contains.  Acetone  can  be 
estimated  either  by  weighing  this  precipitate  or  by  titrating  the 
mercury  which  is  present  in  it.  ^-hydroxybutjo-ic  acid  is  first 
oxidized  to  acetoacetic  acid  and  this  together  with  any  already 
present  is  converted  into  acetone  by  heating.  In  this  way  total 
acetone  bodies  can  be  determined.  The  amount  of  the  individual 
substances  can  be  estimated  if  desired  by  methods  which  wdll  be 
described. 


Determination  in  Blood 

Reagents.  1.  Mercuric  sulphate,  10  per  cent,  solution.  Dissolve 
73  grams  of  pure  red  mercuric  oxide  in  1  litre  of  4  N  sulphuric  acid. 

2.  Sulphuric  acid,  50  per  cent.  (v/v).  Add  500  ml.  of  acid  slowly 
with  mixing  and  cooling  to  about  450  ml.  of  water  and  then  make  up 
to  1  litre  with  water. 

3.  Potassium  dichromate,  5  per  cent,  solution. 

Technique.  Proteins  are  precipitated  by  means  of  the  10  per  cent, 
mpcuric  sulphate  solution  used  for  combining  with  the  acetone. 
Dilute  10  ml.  of  whole  blood  with  about  100  ml.  of  water  in  a  250  ml. 
volumetric  flask,  and  add  20  ml.  of  10  per  cent,  mercuric  sulphate. 
Shake  to  coagulate  the  protein  and  then  dilute  to  the  250  ml.  mark! 
Stand  at  least  fifteen  minutes.  Filter.  If  plasma  or  serum  is  used 

dilute  8  ml.  with  50  ml.  of  water  and  15  ml.  mercuric  sulphate  in  a 
200  ml.  flask. 

the  de/m/ifiiGfion  of  the  total  acetone  bodies,  measure  125  ml. 
ot  filtrate  (—  5  ml.  of  blood  or  plasma)  into  a  suitable  flask.  Add 

fl  and  35  ml.  of  mercuric  sulphate. 

,  ^  flask  with  a  reflux  condenser  and  bring  to  the  boil  When 

down^hr  T,"'  ®  ®  I’®’’  diehromate  solution 

‘’'.®.™''denser  tube.  It  is  important  that  this  addition  be  made 

and?halr  Fme^recipaLt^A^r^ 
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+  acetoacetic  acid.  Measure  160  ml.  of  the  filtrate  (==  4-7  ml.  of 
blood)  into  a  similar  500  ml.  flask.  Bring  to  the  boil  under  the  reflux 
condenser,  run  in  5  ml.  of  5  per  cent,  diehromate  down  the  eondenser 
and  proceed  as  for  total  aeetone  bodies.  This  gives  the  ^-hydroxy- 
butyric  acid. 

For  gravimetric  estimation  eollect  the  precipitate  in  a  Gooch 
crucible,  wash  with  about  200  ml.  of  cold  water,  dry  for  an  hour  at 
110°  C.,  cool  and  weigh.  The  precipitate  is  a  mercuric  sulphate- 
dichroniate  compound  of  the  ketone  bodies  present. 

For  titrimetric  estimation  the  })rocedurc  is  as  follows. 

Reagents.  1.  N.  hydroehloric  acid. 

2.  Sodium  acetate,  3  M  solution.  408  grams  of  NaCgHgOg,  SHjO 
per  litre  of  solution. 

3.  Mercuric  chloride,  0-05  M  solution.  Dissolve  13-58  grams  of 
mercuric  chloride  in  water  and  make  up  to  1  litre.  To  standardize, 
dilute  25  ml.  to  about  100  ml.,  pass  hydrogen  sulphide  until  the 
black  precipitate  floceulates  and  leaves  a  clear  solution.  Collect  the 
mercuric  sulphide  on  a  Gooch  crucible,  dry  at  110°  C.  and  weigh. 
0-2908  grams  of  precipitate  should  be  obtained. 

4.  Potassium  iodide,  0-2  IM  solution.  Dissolve  36  grams  of 
potassium  iodide  in  water  and  make  up  to  a  litre.  Measure  20  ml. 
into  a  flask  and  titrate  with  the  mercuric  chloride  until  a  permanent 
red  precipitate  appears.  Rather  more  than  20  ml.  will  be  needed. 
Add  the  necessary  amount  of  water  to  the  iodide  so  that  20  ml.  of 
the  chloride  titrates  20  ml.  of  the  iodide.  Thus  1  ml.  of  0-05  M.  HgCl2 
=  1  ml.  0-2  M.  KI  according  to  the  equation 

HgCla  +  4  KI  =  K^Hgl^  +  2  KCl. 


Technique.  Instead  of  using  a  Gooch  crucible,  filter  hot  through 
an  ordinary  filter  paper,  wash  as  above,  transfer  completely  to  a  small 
beaker  and  break  up  with  a  rod  in  15  ml.  of  normal  hydrochloric  acid 
and  heat  to  dissolve  the  precipitate.  For  a  good  end-point  in  the 
titration  the  acidity  of  the  solution  must  be  lessened.  To  do  this 
add  6  to  7  ml.  of  3  M.  sodium  acetate  to  the  cooled  solution  after  the 
precipitate  has  been  redissolved.  Then  run  in  0-2  M  potassium 
iodide  rapidly  with  constant  stirring.  A  red  precipitate  of  mercuric 
iodide  forms  immediately  if  more  than  a  small  amount  of  mercury  is 
present,  redissolving  as  soon  as  2  or  3  ml.  of  potassium  iodide  in 
excess  of  the  amount  needed  to  form  the  soluble  K2Hgl4  have  been 
•idded  If  only  a  few  mg.  of  mercury  are  present,  an  excess  of 
potassium  iodide  may  have  been  added  before  the  mercuric  iodide 
could  precipitate,  so  the  solution  remains  clear.  If  this  occurs,  add 
at  least  5  nil.  of  the  0-2  M  iodide.  Note  the  volume  of  iodide  added 
and  titrate  the  excess  with  0-05  M  mercuric  chloride  until  a  permanent 

An“'are  expressed  as  n.g.  acetone  per  100  „d. 
of  blood.  They  are  calculated  as  follows  : 

(;ravi,netrio  :  total  acetone  bodies  .  =  1-24  X  mg. 

aeetone  +  acetoacetic  acid  =  1-00  X  mg.  precipitate. 
;8.hydroxybutyric  acid  =  I'iO  X  mg.  preciiiitate. 
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Titrinietric  :  total  acetone  bodies  =  16-1  X  nil.  0-2  M  KI. 

acetone  -1-  acetoacetic  acid  =  13'()  X  nil.  ()'2 

j8-liydroxyl)utyric  acid  =  17-2  X  nil.  0-2  M  KI. 

The  nil.  0-2  M  KI  in  this  caleulation  are  obtained  by  subtracting 
the  ml.  0-05  M  HgClg  used  in  the  back  titration  from  the  ml.  0-2  M  KI 
added  previously. 


Determination  in  Urine 


Additional  Reagents.  1.  Copper  sulphate,  20  per  cent,  solution  of 
CuSOj,  SHgO. 

2.  Caleium  hydroxide,  10  per  cent,  suspension.  Mix  100  grams  of 
calcium  hydroxide  with  a  litre  of  water. 

Technique.  It  is  necessary  to  remove  glucose  and  other  interfering 
substances.  Pipette  25  ml.  of  urine  into  a  250  ml.  measuring  flask. 
Add  100  ml.  of  water  and  50  ml.  of  the  copper  sulphate  solution. 
Mix,  add  50  ml.  of  10  per  cent,  calcium  hydroxide  suspension  and  mix 
again.  If  not  alkaline  to  litmus  add  more  calcium  hydroxide.  Make 
up  to  the  mark,  stand  half  an  hour  and  filter.  This  will  remove  up  to 
8  per  cent,  of  glucose.  It  should  be  carried  out  even  w^hen  glucose 
is  absent  since  it  is  needed  to  remove  other  interfering  substances. 
The  filtrate  can  be  tested  for  completeness  of  removal  by  boiling  a 
few  ml.  in  a  test  tube.  Glucose,  if  still  present,  gives  a  precipitate 
of  cuprous  oxide. 

For  total  acetone  bodies,  pipette  25  ml.  of  the  urine  filtrate  into  a 
500  ml.  flask.  Add  100  ml.  of  water,  10  ml.  of  50  per  cent,  sulphuric 
acid  and  35  ml.  of  10  per  cent,  mercuric  sulphate.  Bring  to  the  boil 
under  a  reflux  condenser  and  after  boiling  has  begun  run  5  ml.  of 
5  per  cent,  dichromate  down  the  condenser  tube.  Boil  gently  for 
one  and  a  half  hours  and  complete  as  described  above  for  blood. 

For  acetone  and  acetoacetic  acid,  boil  25  ml.  urine  filtrate,  100  ml.  of 
water,  10  ml.  50  per  cent,  sulphuric  acid  and  35  ml.  mercuric  sulphate 
in  a  500  ml.  flask  under  a  reflux  gently  for  thirty  minutes.  Filter 
and  complete  the  estimation  as  before. 

For  ^-hijdroxybutyric  acid,  add  100  ml.  of  water  and  2  ml.  of  50 
per  cent,  sulphuric  acid  to  25  ml.  urine  filtrate  and  boil  in  an  open 
flask  for  ten  minutes.  This  removes  acetoacetic  acid  and  acetone. 
Add  enough  water  to  make  up  the  original  volume  of  127  ml.,  add  a 
further  8  ml.  of  50  per  cent,  sulphuric  acid  and  35  ml.  10  per  cent 
mercuric  sulphate.  Bring  to  the  boil  under  the  reflux,  add  the 
dichromate  and  proceed  as  before. 

Calculation.  All  results  are  as  grams  acetone  per  litre  of  urine. 


acetone  -j-  acetoacetic  acid 
^-hydroxybutyric  acid  . 
total  acetone  bodies 


20-0  X  grams  precipitate. 
0-26  X  ml.  0-2  M  KI. 

26-4  X  grams  precipitate. 
0-344  X  ml.  0-2  M  KI. 
24-8  X  grams  precipitate. 
0-322  X  ml.  0-2  M  KI. 


wb^n^H  precipitate  whatever  should  be  produced 

when  the  complete  estimation  of  total  acetone  bodies,  inclifding  the 
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preliminary  copper  sulphate  treatment,  is  carried  out  with  distilled 
water  instead  of  urine.  This  should  always  be  done. 

Blank  Determination  of  Precipitate  from  other  Substances  in  Urine. 

Treat  25  ml.  of  urine  filtrate  with  sulphuric  acid  and  water  as  above 
and  boil  to  drive  off  acetone.  Make  up  the  volume  to  175  ml.  with 
the  same  amounts  of  sulphuric  acid  and  mercuric  sulphate  used 
above.  Reflux  for  forty-five  minutes  without  dichromate.  The 
precipitate  obtained  should  be  determined  and  subtracted  from  the 
values  obtained  in  the  above  estimation. 

Other  Method.  Behre  and  Benedict  (1926)  and  Behre  (1928, 
1940)  developed  a  method  in  which  the  ketone  bodies  are  converted 
into  acetone.  This  then  reacts  with  salicyl  aldehyde  in  the  presence 
of  alkali.  The  amount  of  red-coloured  di(hydroxybenzal)-acetone 
thus  formed  is  measured  colorimetrically. 

INTERPRETATION 

Normal  blood  contains  up  to  3  mg.  per  100  ml.  In  diabetes  as 
much  as  300  to  400  mg.  per  100  ml.  and  over  has  been  observed.  In 
normal  urine  up  to  50  mg.  of  acetone  bodies  (as  acetone)  may  be 
excreted  daily  whilst  in  diabetes  10  to  50  grams  per  litre  may  be 
found,  the  greater  part  being  usually  ^-hydroxybutyric  acid. 


TESTS  IN  THE  TREATMENT  OF  DIABETES  AND  IN 

DIABETIC  COMA 

In  the  ordinary  treatment  of  diabetes  it  is  usual  to  rely  on  urine 
tests  for  sugar  and  ketone  bodies,  sometimes  with,  and  sometimes 
without,  periodic  estimations  of  blood  sugar.  In  the  stabilizing 
period  in  hospital  daily  blood  sugars  make  possible  quicker  adjust¬ 
ments  of  diet  and  insulin.  It  has  also  to  be  remembered  that  urine 
sugar  tests  can  be  rather  misleading,  since  the  renal  threshold  may 
v'arv’  appreciably.  At  best  they  only  tell  us  that  at  a  particulai  time 
the  blood  sugar  was  above  or  below  a  value  somewhere  in  the  region 
of  200  mg.  per  100  ml.  Furthermore,  a  particular  urine  specimen 
may  be  formed  over  a  long  period  of  time  during  which  there  can  be 
considerable  change  in  blood  sugar.  Short-term  urine  specimens  are 
much  more  valuable.  Although  many  physicians  do  rely  solely  on 
urine  tests,  there  would  appear  to  be  little  doubt  that  as  Lawrence 
states  (1950),  treatment  is  safer  and  easier  if  blood  sugar  determina¬ 
tions  are  done.  They  can  now  be  carried  out  so  simply  and  quickly 
that  there  is  little  reason  why  they  should  not  be  done  m  the  rcquirec 

number  bv  nny  well  organized  laboratory.  ...  ,  ^  ^  4. 

If  blood  sugar  estimations  are  carried  out  it  is  important  to  i^te 
the  time,  so  that  they  can  be  correlated  with  food  and  insulin.  The 
course  of  the  blood  sugar  varies  considerably  according  to  the  type  of 
fnsuhn  which  is  being  given.  If  a  single  daily  blood  sugar  is  done  on 
a  patient  in  hospital,  the  time  most  commonly  chosen  is  the  late 
morning.  If  ordinary  soluble  insulin  is  being  given,  the  course  of  1 1 
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blood  sugar  in  a  reasonably  well-controlled  case,  is  as  follows.  Before 
breakfast  it  is  usually  somewhat  raised,  perhaps  to  just  over  the 
threshold  level.  The  effect  of  the  morning  insulin,  given  about  half 
an  hour  before  breakfast,  is  to  bring  about  a  progressive  fall  in  blood 
sugar  during  the  morning,  so  that  it  may  well  be  within  normal  fasting 
limits  about  noon.  After  the  midday  meal,  before  which  no  insulin 
will  have  been  given,  the  blood  sugar  tends  to  rise,  and  may  reach 
and  even  slightly  exceed  the  threshold  in  the  late  afternoon.  After 
an  evening  meal,  again  preceded  by  insulin,  we  get  a  progressive  fall 
similar  to  that  in  the  morning  back  towards  normal  limits,  which 
may  be  reached  in  the  late  evening.  After  this  a  rise  tends  to  occur, 
though  rather  more  slowly  than  in  the  afternoon,  since  food  wdll  not 
have  been  taken.  As  a  result  the  blood  sugar  will  again  be  appre¬ 
ciably  above  normal  by  the  time  the  morning  insulin  is  to  be  taken. 
Thus  a  single  late  morning  blood  sugar  done  shortly  before  the  mid¬ 
day  meal  may  safely  be  within  normal  fasting  limits. 

On  the  other  hand,  if  protamine  zinc  insulin  is  being  used,  because 
of  the  delayed  action  of  this  insulin,  which  in  large  doses  acts  up  to 
twenty-four  hours  after  its  injection,  the  blood  sugar  follows  a 
different  course.  With  a  really  satisfactory  dose  of  this  alone,  the 
blood  sugar  may  be  within  normal  fasting  limits  shortly  before 
breakfast  when  the  insulin  is  given.  The  effect  of  breakfast  is  to 
bring  about  a  steady  rise  in  blood  sugar  up  towards  the  threshold 
level  in  the  next  two  or  three  hours  so  that  the  blood  sugar  in  the  late 
morning  may  be  in  the  region  of  200  mg.  per  100  ml.  During  the 
afternoon  the  insulin  begins  to  make  itself  felt  and  the  blood  sugar 
tends  to  fall  nearer  to  normal  only  to  be  sent  up  again  by  the  evening 
meal,  after  which,  during  the  late  evening,  it  begins  to  fall  again  and 
IS  in  the  region  of  normal  fasting  limits  just  before  breakfast  when 
the  next  dose  of  insulin  is  given.  So  with  this  type  of  insulin  late 
morning  blood  sugars  should  be  appreciably  higher  than  with 
ordinary  soluble  insulin.  Fasting  blood  sugars  taken  before  breakfast 
may  be  a  better  guide  since  they  should  give  an  indication  as  to  how 
low  the  blood  sugar  is  going,  but  these  are  not  so  convenient  to  arrange 
as  are  late  morning  or  late  afternoon  estimations. 

Mixtures  of  the  two  insulins  are  sometimes  used  as  one  daily  dose 
given  m  the  morning  before  breakfast.  In  this  case  the  late  morning 
sugar  IS  nearer  to  normal  limits,  as  is  the  fasting  blood  sugar.  A  rise 
occurs  in  the  afternoon  and  early  evening  after  which  the  delayed 
action  of  the  protamine  zinc  insulin  acts  to  bring  down  the  blood 
sugar  towards  normal  by  the  following  morning  ^ 

Cdobin  insulin  has  also  been  used.  It  has  an  action  intermediate 
between  the  protamine  zinc  and  the  soluble  insulins  For  fuller 

accounts  of  the  action  of  the  different  insulins  and  of  th«>  u  “e  in 
treatment,  see  Lawrence  (1950). 

the"p?es™ire^‘rJlieose”^r*T^  f<»- 
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Qualitative  tests  for  ketone  bodies  should  be  earried  out  at 
intervals,  partieularly  when  the  glyeosuria  becomes  more  marked 
and  when  the  blood  sugar  level  is  appreciably  raised.  Their  presence 
is  an  indication  that  a  more  serious  stage  of  the  disease  has  been 
reached.  Their  presence  or  absence  is  a  better  indication  of  the 
severity  of  the  condition  than  is  the  amount  of  sugar  in  the  urine. 

The  chemical  findings  in  diabetic  (hyperglycaemic)  coma  and  in 
hypoglyctemic  coma  will  now  be  discussed. 

Diabetic  (Hyperglycaemic)  Coma.  As  already  stated,  it  is  the 
accumulation  of  the  keto-acids,  due  to  their  formation  at  a  rate 
greater  than  that  at  which  the  body  is  able  to  remove  them,  that 
is  responsible  for  the  production  of  the  body  changes  which  lead  to 
the  development  of  the  coma. 

The  urine  contains  sugar  and  ketone  bodies  in  large  amounts. 
It  often  also  contains  a  small  to  moderate  quantity  of  albumin  and 
some  granular  casts  may  be  seen  in  the  urine  deposit. 

The  blood  sugar  is  usually  found  to  be  between  400  and  1,000  mg. 
per  100  ml.  but  higher  values  may  be  obtained  occasionally.  The 
author  has  seen  several  between  1,000  and  1,400  and  one  of  2,400  mg. 
per  100  ml.,  whilst  Lawrence  has  recorded  one  finding  of  2,060  mg. 
per  100  ml.  Frequent  estimations  of  blood  sugar  during  the  comatose 
stage  give  a  valuable  guide  to  treatment.  The  most  satisfactory 
level  of  blood  sugar  to  be  aimed  at  so  long  as  coma  is  present  is  a 
subject  of  contention.  It  may  perhaps  best  be  put  in  the  region  of 
300  mg.  per  100  ml.  at  which  an  increased  rate  of  glucose  utilization 
is  obtained  without  producing  too  much  glycosuria  with  its  ill-effects 
on  water  and  electrolyte  distribution. 

The  accumulated  keto-acids  can  be  removed  up  to  a  point  by  being 
excreted  in  the  urine,  thus  giving  a  highly  acid  urine,  and  the  kidneys 
may  also  be  able  to  excrete  some  as  the  ammonium  salts.  In  the 
severer  cases,  however,  their  removal  involves  loss  of  fixed  base. 
The  plasma  bicarbonate  has  to  be  used  for  their  neutralization  so 
that  they  are  then  excreted  as  the  sodium  salts.  The  result  is  a 
decrease  in  plasma  bicarbonate,  that  is,  in  the  alkali  reserve.  Estima¬ 
tion  of  this  (see  p.  354)  is  often  carried  out  in  diabetic  coma  and 
precoma.  The  alkali  reserve,  expressed  as  ml.  of  carbon  dioxide 
which  can  be  liberated  from  the  bicarbonate  present  in  100  ml.  of 
plasma,  falls  progressively  as  the  condition  becomes  worse,  from  the 
normal  range  of  53  to  75  volumes  per  cent.,  with  the  production  of 
an  increasing  degree  of  acidosis,  until  at  below  15  \olumes  carbon 

dioxide  per  cent,  coma  supervenes.  ,  ,  .  i 

A  further  result  of  this  excretion  of  base  is  to  help  to  produce  a 
state  of  dehydration.  The  loss  of  electrolytes  and  accompanying 
fluid  together  with  the  effect  of  the  polyuria  caused  by  the  excretion 
of  tl’ie  glucose,  and  the  vomiting  which  quite  frequently  oceurs  in 
diabetic  coma,  all  contribute  to  this  end.  There  is  consequently, 
often  a  low  plasma  sodium  and  chloride  partly  maskecl  ly  t  le 
lucmo-concentration.  The  reduction  in  idasina  volume  ultimately 
produces  a  circulatory  failure,  with  low  blood  pressure.  Ihis,  by 
affecting  the  renal  blood  flow,  is  probably  responsible  for  the  increased 
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blood  urea,  which  is  often  found  in  diabetic  coma.  Increased  Iweak- 
down  of  protein  may  also  be  a  contributory  factor.  The  blood  urea 
is  frequently  found  to  be  between  40  and  150  mg.  per  100  ml.  Much 
higher  values  are  found  if  there  is  complicating  antecedent  renal 
faflure  as  in  cases  with  the  Kimmelsteil-Wilson  syndrome.  Clinically 
the  dehydration  is  shown  by  the  dry  skin. 

The  typical  breathing  found  in  diabetic  coma— Kussmaul  breathing 
— has  been  attributed  to  the  effect  of  the  enol  form  of  the  acetoacetic 
acid  on  the  respiratory  centre. 

The  onset  is  relatively  insidious,  usually  a  matter  of  a  few’  days. 
The  effect  of  infection  as  a  precipitating  agent  is  important.  Treat¬ 
ment  aims  at  correcting  the  above  abnormalities.  Adequate  insulin 
by  increasing  glucose  utilization  stops  the  excessive  formation  of 
ketone  bodies,  w’hilst  intravenous  saline  may  be  used  to  remove  the 
dehydration  responsible  for  the  circulatory  failure  w^hich  is  the  cause 
of  many  of  the  deaths  in  diabetic  coma.  For  full  accounts  of  treat¬ 
ment,  see  the  books  of  Law'rence  (1950)  and  Joslin  et.  al.  (1952). 

During  treatment  profound  changes  in  certain  blood  constituents 
may  develop  as  a  result  of  the  large  amount  of  carbohydrate  being 
metabolized.  Thus  plasma  inorganic  phosphorus  may  fall  preci¬ 
pitously  to  below’  1-0  mg.  per  100  ml.  and  plasma  potassium  to  the 
region  of  10  mg.  per  100  ml.  with  flaccidity  of  the  muscles  arising 
from  the  latter  of  these  changes.  There  is  also  a  considerable  fall  in 
plasma  magnesium.  These  changes  may  have  an  adverse  effect  on 
the  patient’s  condition.  A  marked  increase  in  blood  pyruvic  acid 
has  also  been  reported  during  the  treatment  of  diabetic  coma,  due 
presumably  to  a  deficiency  of  cocarboxylase  resulting  from  a  shortage 
of  phosphate  for  the  phosphorylation  of  vitamin  B^.  ^ 

For  a  recent  discussion  of  laboratory  investigations  in  the  control 
of  diabetic  coma,  see  Gray  (1951). 

Hypoglycaemic  Coma.  This  condition  arises  most  commonly  from 
an  over-dosage  of  insulin,  but  may  be  due  to  insulin-secreting  islet 
tumours  in  the  pancreas,  and  may  occur  in  Simmonds’  disease  and 
Addisons  disease.  The  blood  sugar  is  usually  below  40  mg.  per 
100  ml.,  although  the  level  at  w’hich  symptoms  of  hypoglyciemia 
begin  to  appear,  depends  to  some  extent  on  the  level  of  blood  sugar 
to  which  the  patient  has  been  accustomed.  A  diabetic  patient,  w’ho 

thl  hWH  sugar,  may  show  symptoms  when 

the  blood  sugar  is  markedly  reduced,  even  though  the  blood  siio-ar 

coma.  t*'"'  found  in  hypoglycemic 

ketone  bodies,  or  albumin  unless  the 
IcvbI  rapidly  brought  down  from  very  much  hieher 

evels  as  IS  sometimes  the  case  in  the  treatment  of  diabetic  coma. 

also  no^deb1,°l'’*^r  ^'i  **'''*'  *'*'®  is  normal.  There  is 

blood"°  tS^belds^'f  Oirciilatory  failure  witMow 

the  dry  skin  of  hyi  erglycSircZa'"“fhe\r'''i 

There  is  no  vomiting.  ^  blood  urea  is  normal. 

The^  onset  is  usually  sudden,  a  matter  of  minutes,  and  treatment 
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with  carbohydrate  is  rapidly  effective  in  most  cases.  A  blood  sugar 
to  confirm  the  diagnosis  is  all  that  is  required  from  the  laboratory. 

REFERENCES 

Behre,  J.  A.  (1928),  J.  Lab.  Clin.  Med.,  13,  1155. 

Behre,  J.  A.  (1940),  J.  biol.  Chem.,  136,  25. 

Behre,  J.  A.,  and  Benedict,  S.  R.  (1926),  J.  biol.  Chem.,  70,  487. 

Bornstein,  J.  (1950),  Austral.  J.  exp.  Biol.  med.  Sci.,  28,  87,  93. 

Dumin,  R.  M.,  and  Shipley,  R.  A.  (1946),  J.  Lab.  clin.  Med.,  31,  1162. 

Gray,  C.  H.  (1951),  Recent  Advances  in  Clinical  Pathology,  2nd  Ed.,  edited  S.  C. 

Dykes,  Churchill,  London,  p.  195. 

Hiinsworth,  H.  P.  (1939),  Lancet,  2,  1, 65,  118,  171. 

Himsworth,  H.  P.  (1949),  Lancet,  1,  465. 

Joslin,  E.  P.,  Root,  H.  F.,  White,  P.,  and  Marble,  A.  (1952),  The  Treatment  of 
Diabetes  Mellitus,  9th  Ed.,  Lea  and  Febiger,  Philadelphia. 

Lawrence,  R.  1).  (1950),  The  Diabetic  Life,  14th  Ed.,  Churchill,  London. 
Lawrence,  R.  D.  (1951),  Brit.  med.  J.,  1,  373. 

Law'rence,  R.  D.  and  Bornstein,  J.  (1951),  Brit.  med.  J.,  1,  732. 

Soskin,  S.,  and  Levine,  R.  (1946),  Carbohydrate  Metabolism,  Univ.  of  Chicago 
Press. 

Van  Slyke,  D.  1).  (1917),  J.  biol.  Chem.,  32,  455. 

Van  Slvke,  U.  D.  (1929),  J.  biol.  Chem.,  83,  415. 

Van  Slyke,  1).  D.  and  Fitz,  R.  (1917),  J.  biol.  Chem.,  32,  495. 

Van  Slyke,  D.  D.  and  Fitz,  R.  (1919),  J.  biol.  Chem.,  39,  23. 


CHAPTER  VI 

PROTEINS  IN  URINE.  ALBUMINURIA 

Proteins  found  in  urine  in  various  pathological  conditions  include 
the  plasma  proteins,  plasma  albumin,  globulin  and  fibrinogen  , 
hjemoglobin  from  the  red  blood  cells,  and  metluemoglobm  dern  ed 
from  it;  abnormal  proteins,  such  as  Bence-Jones  protein  and 
proteoses,  filtered  from  the  plasma  ;  added  proteins  derived  froin 
pus  and  mucus  from  the  urinary  tract,  and  from  semen  and  vaginal 
secretions.  These  give  positive  results  with  the  commonly  used 
routine  tests  for  protein  in  urine.  Although  the  term  proteinuria  is 
the  more  accurate  one,  albuminuria  is  still  widely  used  m  this  more 
general  sense.  We  shall  consider  first  the  routine  tests  m  common 
use  for  detecting  protein  in  urine. 


Tests  for  Protein  in  Urine 

1.  The  Boiling  Test.  Reagent  :  Acetic  acid,  33  per  cent.  (v/v). 

Technique.  Make  the  urine  slightly  acid  to  litmus  by  adding  the 
dilute  acetic  acid  drop  by  drop.  Filter  if  the  urine  is  not  quite  clear. 
It  is  not  necessary  to  filter  very  slightly  turbid  urines  if  appreciable 
amounts  of  protein  are  present.  Bacteria  are  not  removed  by 
filtering,  but  are  by  shaking  the  urine  with  a  little  kieselguhr,  and 
then  filtering. 

Fill  a  test  tube  about  three-quarters  full  with  the  urine  and  heat 
the  top  centimetre  or  two  to  boiling.  Protein  present  is  coagulated 
and  can  be  seen  by  comparing  with  the  unboiled  urine  lower  down 
the  tube.  Comparison  against  a  dark  background  is  useful  in 
detecting  traces  of  protein. 

It  is  important  that  the  pH  should  be  on  the  acid  side  of  neutral. 
With  alkaline  urines  proteins  may  not  be  precipitated  owing  to  the 
formation  of  alkaline  metaprotein  which  is  not  coagulated.  Quite 
a  large  amount  of  protein  may  be  present  and  not  be  detected  in 
such  circumstances.  Furthermore,  on  heating  alkaline  urines 
phosphates  may  be  precipitated  (see  p.  308). 

It  is  a  common  practice  to  heat  the  clear  urine  before  making  acid 
with  the  acetic  acid.  A  precipitate  may  then  be  due  either  to  protein 
or  phosphates,  or  both.  Acetic  acid  is  then  added  and  dissolves  any 
phosphates  present.  Even  if  no  precipitate  appears  it  is  advisable 
to  acidify  since  sometimes  an  alkaline  urine  which  has  not  given 
a  precipitate  on  heating  will  give  one  when  made  acid.  Whilst  for 
the  most  part  this  gives  similar  results  to  those  obtained  by  first 
making  acid  to  litmus  and  then  boiling,  false  results  may  be  obtained 
occasionally. 

Purdy  adds  to  the  urine  one-third  its  volume  of  saturated  sodium 
chloride  solution,  and  then  5  to  10  drops  of  50  per  cent,  acetic  acid 
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to  a  test  tube  about  two-thirds  full.  After  mixing,  the  top  inch  is 
heated.  Precipitation  of  mucus  is  prevented  by  the  salt  present. 

2.  Salicylsulphonic  Acid  Test.  To  5  ml.  of  clear  urine  add  0-5  ml. 
of  25  per  cent,  salicylsulphonic  acid.  Protein  appears  as  a  white 
precipitate.  Compare  with  untreated  urine  if  only  traces  are  present. 

3.  The  Nitric  Acid  Test.  Layer  urine  carefully  on  to  a  few  ml.  of 
concentrated  nitric  acid  in  a  test  tube  so  as  to  get  a  sharp  line  of 
demarcation.  Proteins  give  a  white  ring  at  the  junction  of  the  fluids. 

Both  salicylsulphonic  acid  and  nitric  acid  tests  give  false  positives 
with  uroselectan  used  for  X-rays  of  the  urinary  tract,  and  with  uric 
acid  in  concentrated  urines.  Urea  in  high  concentration  can  give  a 
precipitate  with  nitric  acid.  If  such  concentrated  urines  are  diluted, 
false  positives  are  no  longer  obtained. 

The  boiling  test  and  the  salicylsulphonic  acid  tests  are  the  ones 
most  commonly  used.  Properly  carried  out  the  former  is  perhaps 
the  best  single  test.  The  very  small  amount  of  protein  which  may 
be  i)resent  in  normal  urines  is  not  sufficient  to  give  a  positive  result 
with  these  tests. 

The  salicylsulphonic  acid  and  nitric  acid  tests  are  positive  with  all 
the  proteins  mentioned  above.  As  will  be  seen  later,  Bence-Jones’ 
protein  may  be  missed  with  the  heating  test. 


INDIVIDUAL  PROTEINS  AND  THEIR  DETECTION 

1.  Plasma  Proteins 

Albumin  and  Globulin.  The  proteins  most  commonly  found  in  the 
urine  are  those  derived  from  the  blood  plasma  and  consist  of  a 
mixture  of  plasma  albumin  and  globulin.  These  are  not  normally 
filtered  through  the  glomeruli  of  the  kidneys,  but  m  disease  the 
(rlomerular  permeability  may  be  altered  so  that  the  passage  of  s^e 
dbumin  and  a  smaller  amount  of  globulin  becomes  possible.  The 
albumin  of  blood  plasma  has  a  smaller  molecular  weight  than  the 
globulins  and  so  is  more  easily  lost,  particularly  with  smaller  changes 

Mbumin  is  only  ]irecipitated  by  completely  saturating  the  urine 
wiih  ammonium  sulphate,  whereas  half  saturation  is  sufficient  to 
precipitate  the  globulins.  Mix  equal  volumes  of  urine  and  saturated 
Lm  nonhiin  sulphate  solution.  The  albumin  present  remains  in 
Sution  and  can  be  separated  from  the  precipitated  globulins  by 

filtering  Globulins  are  also  precipitated  by  complete  saturation 
filtering.  Of  the  globulin  fractions  using  the  Ho\^e 

;Zn.  srrpdnt  I„  sucfcases  fibrin  Cots  .nay 

““The  signiSnce  of  the  occurrenee  of  these  plas.na  proteins  will  be 
considered  later  (see  p.  87). 
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2.  Blood  in  Urine 

Sometimes,  as  in  acute  glomerulonephritis,  the  glomeruli  may  be 
so  damaged  that  blood  is  able  to  pass  directly  into  the  tubules  and 
hence  out  in  the  urine.  Alternatively,  in  patients  with  lesions  of 
the  urinary  tract,  blood  may  be  introduced  after  the  urine  has  left 
the  tubules.  In  such  cases  we  have  the  condition  known  as 
hccmaturia,  in  which  red  blood  cells  are  present  in  the  urine,  at  least 
in  a  fresh  sjjecimen.  Hsematuria  is  often  visible  to  naked  eye 
inspection,  but  slighter  degrees  may  only  be  revealed  by  microscopic 
examination. 

In  any  condition  in  which  there  is  intravascular  htemolysis  of  red 
blood  cells  with  liberation  of  haemoglobin  into  the  plasma,  above  a 
certain  low  j^lasma  level  this  will  be  filtered  at  the  glomeruli 
and  appear  in  the  urine.  Red  blood  cells  will  not  be  seen.  To  this 
finding  the  term  hwmoglohinuria  is  given.  In  haematuria,  haemo¬ 
globin  may  be  liberated  as  a  result  of  haemolysis  after  the  blood  has 
been  mixed  with  the  urine,  and  this  will  increase  in  extent  on  standing. 
So  in  haematuria  we  have  red  cells  present,  probably  with  some 
haemoglobin,  whilst  in  haemoglobinuria  there  is  haemoglobin  without 
any  red  cells.  Haemoglobin  may  be  converted  to  methaemoglobin  in 
the  cells.  If  these  are  haemolysed  methaemoglobin  will  be  liberated 
and  will  be  excreted  in  the  urine.  The  same  change  may  occur  to 
haemoglobin  in  urine  which  is  allowed  to  stand. 

Tests  for  the  Presence  of  Blood.  These  include  microscopic  examin¬ 
ation  for  red  blood  cells,  spectroscopic  examination  for  blood 
pigments,  and  chemical  tests  for  blood.  The  most  sensitive  test  so 
long  as  red  cells  are  present  is  microscopic  examination.  Red  cells 
may  be  seen  microscopically  when  both  other  tests  are  negative. 
See  p.  99  for  presence  of  red  cells  in  the  urine  deposit,  p.  394  for 
spectroscopy,  and  p.  216  for  chemical  tests. 


3.  Abnormal  Proteins  from  Plasma.  Bence-Jones’  Protein 

In  some  diseases  abnormal  proteins  may  be  present  in  plasma  and 
be  filtered  at  the  glomeruli.  Some  proteoses  belong  to  this  group, 
but  the  most  important  and  interesting  member  is  the  protein  known 
as  Bence-Jones’  protein,  which,  when  found,  is  almost  always 
associated  with  ninltiple  myeloma  of  bone.  Recognition  -of  its 
presence  m  the  urine  may  thus  be  an  important  diagnostic  aid  in 
his  disease.  It  is  probably  a  group  of  rather  similar  proteins,  in 
some  respects  resembling  the  globulins,  with  which  it  is  estimated  on 
ordmar}  fractionation.  The  most  characteristic  property  of  Bence- 

arbuminm'i"J  ‘mating.  Whereas  ordinary  plasma 

bumin  aiul  globulin  begin  to  precipitate  between  60°  and  70°  C 

begins  to  come  down  between  40°  and  60°  C  ’ 
precipitates  completely  at  a  relatively  low  temperature  and  then 
rcdissolves  as  the  temperature  reaches  boiling  point  Subseqimn 
roolmg  reprec.pitates  the  protein  and  boiling  r«lissolves  ^ 
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Tests  for  Bence-Jones’  Protein 

1.  Bradshaw’s  Test.  Layer  a  few  ml.  of  urine  earefully  on  to  a 
few  ml.  of  concentrated  hydrochloric  acid  in  a  test  tube  so  as  to 
obtain  a  good  line  of  demarcation.  Bence-Jones’  protein  is  precipi¬ 
tated  by  the  acid  and  gives  a  white  ring  at  the  junction  of  the  two 
fluids.  If  the  test  is  negative,  Bence-Jones’  protein  may  be  considered 
absent,  but  a  positive  test  does  not  necessarily  indicate  its  presence. 
The  heating  test  should  be  used  to  confirm.  Slightly  positive  tests 
may  be  obtained  with  Bradshaw’s  test  if  other  proteins  such  as 
albumin  are  present  in  considerable  amounts.  With  Bence-Jones’ 
protein  the  test  will  still  be  positive  after  appreciable  dilution  of  the 
urine. 

2.  The  Heating  Test.  The  coagulation  of  Bence-Jones’  protein  is 
much  influenced  by  the  pYl  of  the  urine  and  by  the  concentration  of 
salts  present  in  it.  As  suggested  by  Harrison  (1947)  it  is  best  to  put 
up  three  tubes  of  different  acidity.  Filter  the  urine  if  it  is  not  clear, 
and  adjust  to  a  pH  just  faintly  acid  to  litmus.  Put  a  few  ml.  of  this 
urine  into  each  of  three  test  tubes.  To  the  second  and  third  add 
respectively  1  and  2  drops  of  33  per  cent,  acetic  acid.  Place  the 
tubes  into  a  water  bath  and  raise  the  temperature  gradually.  It  is 
better  to  place  the  thermometer  inside  the  tubes  in  the  urine  itself. 
Observe  the  tubes  carefully  for  the  first  signs  of  any  precipitation  of 
jjrotein.  Bence-Jones’  protein  begins  to  come  down  between  40°  and 
60°  C.,  often  in  the  forties,  whilst  albumin  and  globulin  do  not  do  so 
until  the  temperature  is  above  60°  C.  Continue  heating  up  to  the 
boiling  point.  Bence-Jones’  protein  then  redissolves.  It  may  be 
necessary  to  remove  from  the  water  bath  and  boil  over  a  flame. 

In  some  cases  albumin  is  present  in  addition  to  the  Bence-Jones’ 
protein.  They  should  be  separated  by  filtering  hot,  through  a  hot 
filter  funnel.  The  Bence-Jones’  protein  comes  through  leaving  the 
albumin  behind  on  the  filter  paper.  On  cooling  the  filtrate  the  Bence- 
Jones’  protein  reprecipitates  and  can  then  be  completely  redissolved 
on  once  again  heating  to  boiling  point.  W^hen  there  is  a  mixture  of 
albumin  and  Bence-Jones’  protein,  reliance  should  not  be  placed  on 
apparent  decrease  in  the  amount  of  the  precipitate  on  boiling  the 


an 


urine. 


Cook  (1951)  adds  sufficient  25  per  cent,  salicylsulphomc  acid  to 
precipitate  all  the  protein  and  then  boils  gently  over  a  Bunsen  burner. 
Bencfe-Jones’  protein  dissolves  so  that  its  presence  is  shown  by  a 
lessening  or  disappearance  of  the  turbidity  which  returns  on  cooling. 
When  other  proteins  are  also  present  the  boiling  mixture  is  filtered 
through  a  heated  funnel,  using  Whatman  paper  No.  541.  Bence- 
Jones’  protein  precipitates  when  the  filtrate  is  cooled.  The  fina 

filtrate  must  be  acid. 

A  further  test  which  can  be  used  is  : 

3  Osgood  and  Haskin’s  Test.  Add  0-5  ml.  of  50  per  cent,  acetic 
acid  and  1-5  ml.  of  saturated  sodium  chloride  solution  to  ..-a  nil.  of 
urine  A  precipitate  at  ordinary  temperatures  appearing  on  addition 
of  the  salt  solution  is  strongly  in  favour  of  the  presence  ol  Hence- 
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Jones’  protein.  Heat  the  mixture  gradually,  noting  the  temperature 
at  which  any  change  occurs.  If  Bence-Jones’  protein  is  present  the 
precipitate  increases  in  amount  at  40°  C.  to  redissolve  on  boiling. 
Albumin  and  globulin  usually  appear  only  on  heating,  and  boiling 
has  no  effect  on  the  amount  of  the  precipitate. 

4.  Mucus 

In  addition  to  the  proteins  already  considered,  mucus  may  be 
present.  Normal  urines  may  contain  a  small  amount,  which  may 
form  a  faint  cloud  on  standing.  IMucus  occurs  in  greater  amounts 
in  inflammatory  conditions  of  the  urinary  tract,  as  a  result  of  prostatic 
massage,  and  w'hen  the  urine  contains  semen  or  vaginal  discharge. 

Test  for  Mucus.  Mucus  is  distinguished  by  being  precipitated  by 
acetic  acid  in  the  cold.  One  of  the  globulin  fractions  which  may  be 
present  in  urine,  the  euglobidin,  or  as  it  is  sometimes  known,  lipoid 
globulin,  is  also  precipitated,  but  dissolves  in  excess  of  acetic  acid 
whereas  mucus  does  not.  It  is  advisable  to  dilute  concentrated 
urines.  A  useful  procedure  is  as  follows.  Dilute  a  few'  ml.  of  urine 
with  an  equal  volume  of  w  ater.  To  this  add  33  per  cent,  acetic  acid, 
drop  by  drop,  comparing  with  untreated  urine  if  necessary.  Mucus 
and,  or,  euglobulin  gives  a  precipitate  or  opalescence.  Add  further 
acetic  acid.  If  the  precipitate  is  due  to  mucus  it  reaches  a  maximum 
and  remains  unchanged,  if  due  to  euglobulin  it  redissolves  in  the 
excess  of  acetic  acid. 


Classification  of  Albuminuria.  Interpretation 

The  most  useful  classification  is  the  one  which  divides  cases  of 
albuminuria  into  tw'o  main  groups,  organic  and  functional  according 
to  w’hether  the  albuminuria  can  or  cannot  be  showm  to  be  associated 
with  any  organic  disease.  Organic  albuminuria  is  then  further  sub¬ 
divided  into  three  groups  according  as  the  condition  is  primarily 
renal,  pre-renal,  w'hen  the  kidneys  are  only  affected  secondarilv  to 
some  other  disease  ;  or  post-renal,  when  the  protein,  in  this  case 
often  not  plasma  protein,  is  added  to  the  urine  after  it  has  left  the 
renal  tubules. 

Functional  Albuminuria.  The  albuminuria  in  such  cases  is  usually 
small  m  amount,  intermittent,  and  is  accompanied  by  no  other 
symptoms  or  evidence  of  renal  disease.  Urine  deposits  are  normal 
as  are  renal  function  tests.  This  type  of  albuminuria  is  often 
discovered  on  routine  medical  examination.  It  is  most  frequentlv 
found  m  young  people  in  their  teens.  The  albuminuria  may  be 
connected  with  posture,  being  absent  wflien  the  person  is  lying  down 

un  albuminuria  usualK®  cCI 

p  n  early  adult  life,  and  people  with  it  do  not  appear  to  be  more 
likely  to  develop  renal  disease  subsequently  than  do  other  vlune 

f  .“S'*-  ^  differentiation  from  eases  havimr  some"  renal 

defect  IS  not  always  easy,  but  a  general  working  rule  is  to  regarf  as 

has‘n:’:rr'*'‘^'''’''™™’j'‘Sh‘  -  amount,  in  t  yoiing  pc^Ttlm 
of  this  condition'.’^  *''*®^*  disease  and  no  previous  history 
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It  should  be  noted  that  any  severe  stress  may  lead  to  a  transient 
albuminuria.  Exeessive  physieal  aetivity  and  exposure  to  severe 
cold  are  examples. 

A  small  amount  of  albumin  may  be  found  in  the  urine  in  a  few 
per  cent,  of  cases  during  the  last  few  weeks  of  pregnancy.  This  is 
also  functional  being  accompanied  by  no  other  sign  of  renal  impair¬ 
ment.  Such  albumin  usually  disappears  within  a  few  days  after 
delivery.  It  is  probably  due  to  some  renal  congestion  resulting  from 
the  pressure  of  the  foetus  affecting  the  renal  circulation.  The 
albuminuria  accompanying  an  attack  of  eclampsia  is  usually  much 
heavier  and  there  are  other  urine  abnormalities  and  clinical  signs. 

The  protein  in  these  cases  of  functional  albuminuria  is  plasma 
albumin  with  a  little  globulin. 

Organic  Albuminuria.  1.  Pre-renal  Albuminuria.  Albuminuria 
is  found  in  a  wide  range  of  conditions  which  produce  it  because  of 
secondary  effects  on  the  kidneys.  The  albuminuria  usually  dis¬ 
appears  when  the  primary  disease  is  cured.  In  most  cases  the  albu¬ 
minuria  is  due  to  some  impairment  of  the  renal  circulation.  Thus 
we  find  some  degree  of  albuminuria  when  there  is  dehydration,  for 
example,  as  a  result  of  the  vomiting  in  pyloric  obstruction,  in 
intestinal  obstruction,  in  severe  diarrhoeas,  in  diabetic  coma,  m 
Addison’s  disease  ;  in  heart  disease  with  passive  congestion  of  the 
.  xvhpn  there  is  intra-abdominal  pressure  as  in  ascites  and 


means  of  a  microscopic  examinaLiuu  , 
false  albuminuria  has  been  applied 
test  may  wrongly  lead  to  a  suspicion 
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Quantitative  Estimation  of  Protein  in  Urine 

The  estimation  of  the  amount  of  protein  lost  in  the  unne  is  not 
as  a  rule  important  apart  from  the  rough  indication  which  can  be 
obtained  from  the  qualitative  tests.  However,  it  may  sometimes  be 
of  value  to  know  the  amount  of  protein  which  is  being  lost  in  the 
urine  daily.  Several  methods  are  in  use,  varying  considerably  in 
the  degree  of  accuracy.  Esbach’s  method,  one  of  the  simplest,  is 
convenient  and  is  used  comparatively  frequently,  though  it  is  only 
approximate. 

I.  Esbach’s  Method 

Esbach’s  Reagent.  Dissolve  5  grams  of  picric  acid  and  10  grams 
of  citric  acid  in  distilled  water  and  make  up  to  500  ml. 

An  Esbach’s  Albuminometer  is  used  (see 
Fig.  20).  Add  urine  to  the  mark  U,  followed 
by  reagent  to  the  mark  R.  Stopper,  and  mix 
by  inversion  several  times.  Allow  to  stand 
twenty-four  hours.  Then  read  off  the  amount 
of  protein  directly  on  the  tube,  which  is  cali¬ 
brated  in  parts  per  1,000,  that  is  grams  of 
protein  per  litre  of  urine.  If  the  urine  is  a 
concentrated  one  dilute  it  with  water  to  a 
specific  gravity  of  about  1-008-1  *010,  and  make 
the  necessary  correction  to  the  reading. 

Other  approximate  methods  involving  centri¬ 
fuging  in  specially  calibrated  tubes,  such  as 
Aufrecht’s  tube,  are  not  recommended,  but  the 
turbidimetric  method,  also  an  approximate 
one,  described  for  estimating  cerebrospinal  fluid 
protein  (see  p.  462),  can  be  used  for  determin¬ 
ing  urine  protein  content. 


1 


H. 
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Fk;.  20.  Ksbach’s 
Albuminometer. 


II.  Turbidimetric  Method  (King  and 
Haslewood,  1936) 

The  preparation  of  the  standard  tubes  is 
described  under  cerebro-spinal  fluid  protein 
(j).  462).  The  technique  is  similar.  To  1  ml. 
of  urine  in  a  small  test  tube  similar  to  those 
used  for  the  standards,  add  3  ml.  of  3  per  cent 
sulphosalicylic  acid  and  after  standing  for  five 
minutes  compare  with  the  standards.  Most  urines  require  dilut¬ 
ing  so  as  to  bring  the  protein  within  the  0-100  mg.  per  100  ml 
range.  As  stated  (p.  463)  this  method  can  be  adapted  for  use  with 
the  photoelectric  colorimeter  if  standards  arc  not  available  For  the 
blank  use  1  ml.  of  urine  or  diluted  urine  jilus  3  ml.  of  water. 

i  he  above  inethods  are  sufficiently  accurate  for  almost  all  ordinarv 
purposes  lor  a  more  accurate  determination  the  Kjeldahl  method 
or  one  of  the  color, metric  methods  give,,  for  plasma  proteins  may  be 
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used.  Ihe  biuret  method  has  been  adapted  to  urine  by  Hiller, 
McIntosh  and  Van  Slyke  (1927). 

INTERPRETATION 

The  greatest  amounts  of  protein  in  the  urine  are  found  in  nephrosis, 
or  using  Ellis’s  classification  (Ellis,  1942)  in  the  early  stage  of  Type  II 
nephritis.  There  may  then  be  several  per  cent,  present  and  as  much 
as  20  to  50  grams  of  protein  may  be  lost  daily.  In  fact  losses  of  up  to 
100  grams  a  day  have  been  reported.  The  protein  is  largely  albumin, 
the  ratio  of  albumin  to  globulin  being  more  than  10  :  1.  Smaller 
amounts  are  found  in  the  other  renal  conditions  and  there  is  a  greater 
proportion  of  globulin.  As  a  rule  there  is  more  protein  in  the  urine 
in  acute  glomerulonephritis  (Ellis,  Type  I)  than  in  chronic  glomerulo¬ 
nephritis  (corresponding  to  the  later  stages  of  Type  II  nephritis  of 
Ellis).  In  the  former  of  these  a  common  finding  is  between  0-5  and 
1*0  per  cent,  with  a  wider  range  of  from  0-2  up  to  and  occasionally 
over  2-0  per  cent.  The  ratio  of  albumin  to  globulin  is  usually 
between  10  :  1  and  5:1.  In  chronic  glomerulonephritis  it  is  the  rule 
to  find  less  than  0-5  per  cent,  of  protein  in  the  urine  and  with  impend¬ 
ing  uriemia  only  traces  of  protein  are  present  in  some  cases.  Tlie 
ratio  of  albumin  to  globulin  may  be  less  than  5:1. 

In  functional  albuminuria  the  majority  of  cases  show  less  than 
0-2  per  cent,  although  a  little  more  may  be  found  occasionally. 

A  variable  amount  of  protein  is  found  in  the  urine  in  the  various 
destructive  lesions  of  the  kidneys  but  this  nev'er  approaches  in 

quantity  that  found  in  nephrosis. 

While  the  amount  of  Bence-Jones’  protein  which  may  be  excreted 
daily  varies  greatly,  it  may  reach  50  grams  and  even  on  occasion  be 
a  little  higher  than  this. 
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CHAPTER  VII 

URINARY  DEPOSITS 

In  assessing  the  significance  of  albuminuria,  further  laboratory 
investigations  will  usually  be  carried  out.  Examination  of  any 
urinary  deposit  will  sometimes  yield  valuable  information  either  of  a 
positive  or  negative  character.  The  many  constituents  of  such 
deposits  can  be  classified  into  three  main  groups  : 

(a)  Chemical  substances,  crystalline  or  amorphous. 

(b)  Cells,  from  the  blood  or  the  various  parts  of  the  renal  tract. 

(c)  Casts. 

The  last  two  groups  have  been  described  as  organized,  the  chemical 
substances  as  unorganized  constituents.  In  addition  a  number  of 
objects  may  be  found  in  urine  deposits,  mostly  extraneous,  such  as 
hairs.  '  We  shall  consider  these  groups  in  turn. 


CHEMICAL  SUBSTANCES 

These  include  substances  present  both  physiologically  and  patho¬ 
logically,  and  may  be  listed  as  follows  : 

Phosphates — ammonium  magnesium  phosphate,  calcium  hydrogen 
phosphate,  magnesium  phosphate. 

Caleium  oxalate. 

Caleium  carbonate. 

Calcium  sulphate. 

Uric  acid. 

Urates  a,mmonium,  sodium,  potassium,  calcium  and  magnesium. 
Ammo  acids — cystine,  tyrosine,  leucine. 

Organic  substances  such  as  hippuric  acid,  cholesterol,  indigo 
xanthine,  bilirubin,  and  the  sulphonamide  drugs. 

Of  these,  phosphates,  oxalates,  uric  acid  and  urates  are  bv  far  the 
most  commonly  seen.  ^ 

Important  general  points  to  note  are  the  pU  of  the  urine  from 
uhich  the  deposit  was  obtained,  the  behaviour  of  the  deposit  when 

soluble"'^  tL'' "'"I'''' substances  in  which  the  ^deposit  is 
soluble.  Thus  phosphates  are  deposited  in  alkaline  urines  lor 
occasionally  m  slightly  acid  urines  (see  below))  as  is  ammonium 
urate.  Uric  acid  and  metal  urates  are  seen  in  the  deposit  from  acid 
and  calcium  oxalate  may  be  found  in  all  urines.  Uric  acid 

warming  urine  cools  and  redissolve  on 

Si  iais-s,  c 

~i.., ..ansasT. 
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deposits  are  often  coloured,  whilst  if  red  blood  cells  are  present  these 
will  also  give  a  coloured  deposit. 

Phosphates 

Crystals  of  ammonium  magnesium  phosphate — “  triple  phosphate  ” 
— are  found  in  alkaline  urines,  most  typically  when  bacterial  action 
has  occurred  with  production  of  ammonia.  This  may  occur  either 
internally,  when  there  is  infection  of  the  urinary  tract,  or  externally 
when  the  urine  has  become  contaminated  with  bacteria  after  being 
passed.  Examples  of  these  crystals  are  shown  in  Fig.  21.  They  are 
colourless  and  tend  to  be  of  two  types,  either  prisms  with  three,  four. 


% 


Fig.  21.  Triple  Phosphate  Crystals. 


or  six  sides  and  oblique  surfaces  at  the  ends,  the  so-called  coffin  lid 
or  the  feathery  fernlike  variety.  The  former  are  much  more 

£t"S  af 

flakes  (Fig.  22b),  which  may  ^  ^  phosphates  occur  less  frequently 

"f"  . . 

they  may  be  found  m  acid  urin  ion/ rhombic  plates  in  alkaline 

to”S“-irt-  ‘  U°ir  ™ch  Ler  than  triple  or  stellar 

■’’’Zortrous  Phosphates.  Earthy 

amorphous  deposit  "»  *''«  amorphous  urates  which  are 

""'Sy  ■'eobtred  (see"  p.  95).  They  can  also  be  distinguished  by 
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(a)  As  stellar  phosphates. 


Fig.  22.  Caleiuin  Hydrogen  Phosphate  Crystals. 

differences  in  solubility  and  in  the  pll  of  the  urine  from  which  the 
deposit  was  obtained. 

Deposits  of  phosphates  dissolve  in  dilute  acetic  acid  (33  per  cent.). 


Uric  Acid 

Crystals  of  uric  acid  occur  quite  frequently  in  deposits  from  acid 
urines.  Whilst  pure  uric  acid  crystals  are  colourless,  those  found  in 
urine  deposits  are  a  nmst  always  coloured.  This  colour  ranges  from 
yellow  to  pink  to  reddish  brown,  and  is  due  to  the  inclusion  of  urinary 
pigments  m  the  crystals.  Uric  acid  crystals  are  very  varied  i”S 
Whilst  rhombic  prisms  are  the  fundamental  type,  the  crystals 
occur  m  the  form  of  rosettes,  as  plates,  and  be  Lrrel  shar/ 
Examples  are  shown  in  Fig.  23.  The  deposit  of  reddish  nartrdcs 
has  often  a  very  characteristic  appeara^e.  Uric  acid  ‘^ry  Ws 
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Fig.  23.  Uric  Acid  Crystals. 


dissolve  in  sodium  hydroxide  but  not  in  acetie  acid  or  hydrochloric 
acid.  They  are  also  often  characterized  by  their  property  of  dis¬ 
solving  when  the  urine  is  warmed  to  about  60  C.  Found  most 
frequently  in  the  deposit  of  concentrated  acid  urines  which  have 
cooled  to  room  temperature,  uric  acid  crystals  are  not  characteristic 
of  any  pathological  condition.  They  may  occur  in  normal  people 
after  sweating,  and  are  found  in  fevers. 

Urates 

Ammonium,  sodium,  potassium,  calcium  and  magnesium  urates 
are  found  in  urine  deposits.  All  except  ammonium  urates  occur, 
like  uric  acid,  in  acid  urines.  Ammonium  urate  and  sodium  urate 
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are  found  as  crystals,  but  urates  often  occur  in  an  amorphous  form. 
Urates,  like  the  acid,  are  often  coloured  and  dissolve  on  warming. 
Sodium  urate  may  occur  either  as  the  mono  or  disodium  salt.  The 
acid  sodium  urate  may  form  clusters  of  needles  or  stellar-shaped 
clusters  rather  similar  to  those  of  calcium  hydrogen  phosphate,  from 
which  they  differ  in  solubility,  and  usually  in  being  pigmented. 
Ammonium  urate  occurs  either  amorphous,  or  as  crystals  which  are 
often  spherical  and  which  are  sometimes  covered  with  spikes,  when 
they  are  referred  to  as  “  thorn  apple  ”  crystals  (Fig.  24).  These  are 
usually  pigmented.  In  addition  they  may  show  many  bizarre  shapes. 

It  should  not  be  overlooked  that  although  uric  acid  and  urate 
deposits  are  often  pigmented,  this  is  not  always  the  case.  They  may 
give  a  white  deposit,  which  like  the  coloured  ones,  dissolves  on 
warming. 

Calcium  Oxalate 

Calcium  oxalate  may  be  found  in  the  deposit  from  both  acid  and 
alkaline  urines.  The  commonest  form  is  the  octahedral,  or  envelope, 
but  crystals  may  be  ellipsoidal  and  then,  in  side-view,  appear  as 
dumb-bell  shapes  (see  Fig.  25).  While  the  size  varies  considerably, 
they  are  usually  srnall  compared  with  other  crystals.  They  are  not 
soluble  in  acetie  acid,  but  dissolve  in  mineral  acids.  Calcium  oxalate 


(§) 

Fig.  25.  Calcium  Oxalate  Cn'stals. 


may  be  regarded  as  a  normal  constituent  of  urine.  Whilst  it  is  usnallx. 
.s  pSfed  “ Ur ‘he  body  b  fore  he  Tine 

particularly  some  fruits  and  4  number  of  foods, 

among  these  being  rhubarb  contain  oxalates,  notable 

acid  nT 


.  calcium  Carbonate 

in  humr  uTntTd  stCrt 
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urines.  The  crystals  are  spherical  shaped  or  dumb-bell  in  form,  and 
are  soluble  in  acetic  acid  with  evolution  of  carbon  dioxide.  Calcium 
carbonate  may  also  be  found  in  an  amorphous  form. 

Calcium  Sulphate 

Crystals  of  calcium  sulphate  have  been  reported  in  acid  urines  as 
long  needles,  but  they  are  very  rarely  seen. 

Cystine 

Cystine  crystals,  which  occur  only  rarely,  are  seen  as  colourless 
hexagonal  plates  (Fig.  26),  which  dissolve  in  alkalies,  including 
ammonia,  and  in  mineral  acids,  but  not  in  water,  acetic  acid,  alcohol, 
and  ether.  The  urine,  if  not  acid,  should  be  made  slightly  so  and 
then  allowed  to  stand  for  a  few'  hours  before  examining  the  deposit. 
In  normal  urines  there  is  only  a  small  amount  of  cystine  ranging  from 
30  to  100  mg.  daily  (Dent  and  Rose,  1951).  In  cystinuria  as  much  as 
^  to  1  gram  may  be  excreted. 

Cystinuria  was  long  regarded  as 
being  due  to  an  inborn  metabolic 
defect  which  prevents  its  meta¬ 
bolism  (see  Garrod,  1923).  Recent¬ 
ly  Dent  and  Rose  have  shown  that 
the  increased  excretion  of  cystine 
is  due  to  a  renal  tubular  defect  so 
that  the  capacity  to  reabsorb 
cystine  is  impaired.  The  plasma 
level  for  cystine  was  found  to  be 
normal  using  a  microbiological 
assay  method,  and  paper  chroma¬ 
tograms  also  indicated  that  the 

various  amino-acids  were  present  ,  .  ,  a 

in  normal  concentrations.  They  showed  that  there  is  also  an  impaired 
ability  to  reabsorb  lysine  and  arginine.  Chromatograms  were  used 

to  study  these  in  the  urine.  ^  ^  i 

When  cystine  crvstals  are  found,  confirmatory  tests  for  solubility 

can  be  carried  out  on  the  slide.  Hydrochloric  acid  (30  per  cent,  by 
volume)  dissolves  cystine  crystals,  but  does  not  ; 

crvstals,  which  they  occasionally  resemble.  Jests  lor  the 
rf  excess  of  cystine  in  urines  in  which  crystals  have  not  been  seen, 

"Tead^Acetate  Test.  Boil  about  10  to  15  ml.  of  urine  w-ith  2  to  8  ml. 
of  40  ner  cent  sodium  hydroxide  solution,  and  add  8  to  4  drops  o 
saturated  S  acetate  solution.  If  cystine  is  present  a  black  pree.pi- 
Sl^of  lead  sulphide  is  obtained.  Urines  containing  much  protein 

■"“/yaSe^'&tmrTesl.  Add  5  P- cent,  sodiuin^^yanide^ 
urines  only  a  faint  brow  n. 


Fig.  26.  Cystine  Crystals. 
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Leucine  and  Tyrosine 

Crystals  of  these  substances,  only  seen  very  rarely,  may  be  present 
in  cases  of  severe  liver  disease,  for  example,  in  acute  yellow  atrophy 
and  sometimes  in  cirrhosis.  Tyrosine  crystallizes  in  sheaves  or  tufts 
of  fine  needles,  leucine  in  spherical  shaped  crystals  yellowish  in  colour 


Fig.  27.  Leucine  and  Tyrosine  Crystals. 


and  with  radial  and  circular  striations  (Fig.  27).  Both  are  insoluble  in 
acetone  and  ether  but  soluble  in  acids  and  alkalies.  Tyrosine  is  only 
slightly  soluble  in  acetic  acid  and  insoluble  in  alcohol,  whereas  leucine 
IS  soluble  in  the  former  and  slightly  soluble  in  the  latter. 

Cholesterol  crystals  also  occur  extremely  rarely,  being  found  in 


ypical  as  rectangular  or  rhomboid  plates  v 


The  crystals  are 
notched  corners 


u 


98 


PRACTICAL  CLINICAL  BIOCHEMISTRY 


(Fig.  28),  They  are  soluble  in  ether,  alcohol,  and  chloroform,  but 
not  in  water,  acids  and  alkalies. 

Hippuric  acid  crystals  are  of  very  rare  occurrence  indeed.  They 
form  either  colourless  needles,  or  rhombic  plates  or  prisms  very 
slightly  soluble  in  cold  water  and  alcohol,  but  readily  soluble  in  them 
when  hot.  They  are  insoluble  in  acetic  acid  and  have  no  pathological 
significance. 

Bilirubin  crystals  have  been  found  in  the  deposit  from  acid  urines 
containing  bile  pigments.  They  occur  in  tufts  of  fine  needles  or  as 
rhombic  plates,  brown  in  colour.  They  are  soluble  in  acetone. 

Indigo,  as  crystals  or  in  an  amorphous  form,  may  be  found  parti¬ 
cularly  in  urines  which  have  become  alkaline  due  to  bacterial  con¬ 
tamination.  It  is  formed  by  oxidation  of  indican.  The  crystals 
occur  as  small  star-shaped  groups  of  blue  needles  or  as  blue  prisms. 
Indigo  is  soluble  in  chloroform  which  can  be  used  to  dissolve  it  out 
of  the  deposit  since  it  may  stain  blue  other  substances  present. 

Xanthine  crystals  have  been  reported  as  small  colourless  rhombic 
plates,  but  are  extremely  rare.  They  are  soluble  in  warm  water  and 
dilute  ammonia.  Unlike  uric  acid  they  do  not  give  the  murexide 
test  (see  p.  482).  They  have  been  found  when  xanthine  calculi  were 

present. 


Sulphonamides 

When  sulphonamides  are  being  taken,  crystals,  usually  of  the 
acetyl  derivative,  may  be  found  in  the  urine  deposit  These  may 
forni  at  some  point  in  the  urinary  tract,  and  may  then  cause  a 
hicmaturia,  or  they  may  be  deposited  in  the  urine  when  it  cools  on 
standing.  Deposition  of  crystals  in  the  tubules  may  produce  an 

”'"such  crystal  formation  is  influenced  by  the  solubility  of  the 
particular  sulphonamide  compound,  by  its  concentration  m  the  urine 
and  bv  the  hi  of  the  urini  In  addition  there  is  an  appreciable 

person^  facto.  Sulphanilamide  «  by  far  ™*h"°Anott°1947) 
hmmonly  used  sulphonamides  IM^ 

“cdTl^tS tn  solubility'with  increase  in  pH  over  the 

range  of  urine  pH  from  5  to  8  commonly  as 

The  crystals  are  very  varied  m  for  example,  D^Ia 

clusters  of  needles.  It  has  been  s  gg  v  sulphonamide  present, 

Vida,  1947)  that  it  is  possible  reeogn^e  the^suip 

from  the  type  of  crystals  ^  ^als  often  resemble  uric  acid 

as  a  rule  is  not 

crystals  in  shape.  They  m  y  u^solve  by  not  giving  a  murexide 
acetone  in  which  '  colour  which  is  obtained  when 

test  (see  p.  482),  and  ,  X  ^les  and  the  urine  from  which 

both  the  deposit  JJi  ^cid  diazotized,  and  linked 

it  was  obtained  are  hydro  y  ’  ^  carried  out  on 

^vith  a  suitable  coupling  agent.  Such  a  test 
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the  urine  by  the  method  described  for  determining  total  sulphona- 
mides  in  blood  (see  p.  503).  In  the  case  of  the  deposit,  centrifuge, 
wash  the  crystals  with  a  few  ml.  of  cold  distilled  water,  centrifuge 
again,  remove  the  supernatant  fluid,  add  3  to  4  ml.  of  dilute  hydro¬ 
chloric  acid  and  heat  in  a  boiling  water  bath  for  half  to  one  hour. 
Cool,  make  up  to  3  to  4  ml.  with  water,  add  0-5  ml.  0-5  per  cent, 
sodium  nitrite,  stand  for  three  minutes,  add  0-5  ml.  of  0-5  per  cent, 
ammonium  sulphamate  solution,  mix  and  stand  for  two  minutes, 
then  add  2  ml.  of  the  coupling  agent  used  for  blood  sulphonamide 
determination.  Sulphonamides  give  a  reddish  purple  colour. 

A  useful  quick  test  which  can  be  carried  out  on  the  urine  from  which 
a  deposit  thought  to  contain  sulphonamide  crystals  is  obtained  is 
as  follows  (La  Rosa,  1945).  Prepare  a  solution  containing  1  gram 
of  p-dimethyl  aminobenzaldehyde,  2  ml.  of  concentrated  hydrochloric 
acid  and  98  ml.  of  2-23  per  cent,  oxalic  acid.  Dip  strips  of  filter  paper 
in  this  and  allow  to  dry.  One  of  these  placed  in  a  urine  containing 
sulphonamides  is  coloured  yellow\ 


CELLS 

Only  brief  reference  will  be  made  here  to  the  different  types  of  cells 
which  may  be  found  in  urine  deposits.  For  fuller  accounts  consult 
the  works  of  Dukes  (1939)  and  Rieder  and  Delepine  (1899). 

Red  Blood  Cells.  In  large  numbers  these  give  a  characteristic 
appearance  to  the  urine,  but  smaller  numbers  may  not  be  recognizable 
naked  eye  or  spectroscopically  or  even  by  chemical  tests.  According 
to  Dukes,  when  red  blood  cells  are  present  in  numbers  less  than 
1,000  per  c.mm.,  only  microscopical  examination  will  detect  them 
which  It  will  do  down  to  10  per  c.mm.  or  less.  They  appear  round  or 
biconcave  in  shape,  and  yellow  coloured,  and  have  no  nucleus. 

however,  may  be  very  much  altered  by  the  urine  in 
which  they  occur.  As  a  result  of  osmosis  they  shrink  or  swell 
according  as  the  urine  is  concentrated  or  dilute.  Hiemolysis  may  also 
occur.  Thus  they  may  be  rather  difficult  to  recognize.  ^ 

c.  ^^^^o^ytes  may  occur  in  normal  urine  but  only  in 

ufficient  numbers  to  show  one  or  two  in  the  deposit  microscopically. 
Any  appreciable  number— pyuria— indicates  the  presence  of  sonm 

in^thTab^r^  urinary  tract.  This  is  sometimes  found 

demonstrable  causative  organism.  The  cells 
are  mainly  polymorphonuclears.  Microscopical  examination  is  the 
only  satisfactory  one,  chemical  tests  being  insenXe  Coll^ctffin 

cells.  The  TuVf^e 

vag.„a.  are  large  cells,  flattish  in  appearlnt.tkh'S^vTXed 
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nuclei  ;  the  second  from  bladder,  prostate,  ureters  and  pelvis  of  the 
kidneys  are  from  two  to  three  times  the  size  of  a  leucocyte.  They 
often  have  a  tail-like  portion  and  are  frequently  seen  after  prostatic 
massage  and  ureteric  catheterization.  Finally  the  small  round  or 
polygonal  cells,  only  slightly  larger  than  a  leucocyte,  are  rarely  seen 
in  normal  urine  but  occur  in  some  renal  diseases. 

It  should  be  noted  that  abnormal  cells  such  as  tumour  cells  may 
be  present.  These  are  most  commonly  derived  from  tumours  of  the 
bladder. 

Spermatozoa.  These  may  be  found  in  the  urine  of  males  for 
several  hours  after  an  emission  of  semen  and  may  also  be  found 
after  prostatic  massage.  They  are  easily  recognized  by  their 
characteristic  shape. 


CASTS 

These  are  formed  in  the  renal  tubules  whose  shape  they  take. 
Subsequently  they  are  pushed  by  the  fluid  along  the  tubules  and 
appear  in  the  urine.  They  can  then  be  seen  microscopically  on 
examining  the  deposit.  Classification  is  based  on  their  microscopic 

^Hyaline  casts  are  the  simplest.  They  have  a  pale,  transparent, 
homogeneous  structure,  are  cylindrical  in  form, 

anv  cells.  They  vary  considerably  m  length  and  m  breadth  the 
average  width  being  that  ot  three  to  four  red  blood  eells  A  few 
hyaline  casts  may  be  seen  in  the  deposit  from  the  urine  of  >J°™a 
uLole  even  though  no  albumin  is  present.  They  are  found  in 
increased  numbers  in  the  majority  of  cases  of 

after  exercise.  Hyaline  casts  may  not  be  noticed  if  too  bright  an 
rnumiLtion  is  usek  To  avoid  this,  rack  down  the  condenser  and 

partially  close  the  diaphragm.  damaire  cells 

‘  Fnithelial  Casts.  In  cases  where  there  is  tubular  damage,  ceiis 

5S,,!:  v™'' 

ation  may  occur  varying 

Granular  Casts.  that  the  granules  are 

degrees  of  coarseness.  1 1  1  a  i^r  fnithelial  cells  It  is  possible 

‘he  l';«h.et  of  .legonera  lon^  ;:^:;^rtio?;al  beUvren%pithelLl .  and 
to  observe  lasts  which  ^  remainder 

grami  ar  casts,  ^ecog  ^  certain  amount  of 

granular  m  structure.  bi  c  .  hyaline  may  also  occur, 

fat.  C'asts  which  are  par  gran  h  hyaline  casts  to 

True  granular  easts  should  be  di.  g  ^  become  attached, 

which  a  few  granules  from  the  seminenr  na 

Whilst  isolated  granular  casts  may  injury,  they  are  far 

in  whom  there  is  no  reason  persons^han  are  hyaline 

less  commonly  found  in  the  urine  of  normal^^^^^^^^^^^ 

^hf^’rUlSrof  a  degeneration  of  the  tubular  epithelium. 
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Fatty  casts  are  probably  also  derived  from  epithelial  casts  being 
so-called  when  fat  globules  are  present,  usually  along  with  a  certain 
amount  of  granular  material.  These  are  not  found  in  deposits  from 
normal  urine  and  are  not  so  common  as  granular  casts,  being  only 
found  when  there  is  a  severe  degeneration  of  tubular  epithelium. 

Waxy  (colloid)  casts  are  composed  of  highly  refractile  substance 
which  often  has  a  yellowish  tinge  and  a  dullish  opaque  lustre.  They 
have  a  tendency  to  split  and  crack.  As  a  rule  they  are  shorter  and 
wider  than  other  casts.  Nothing  is  known  of  their  chemical  compo¬ 
sition.  Never  found  in  normal  urines  they  only  occur  when  there 
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shape  similar  to  that  of  some  casts.  If  doubt  is  felt,  tests  with  suit¬ 
able  solvents  can  be  carried  out  on  the  slide. 

Drawings  of  the  different  types  of  cast  are  given  in  Fig.  29. 


Cylindroids 

Cylindroids  are  pale  transparent  structures  usually  much  longer 
and  thinner  than  true  casts.  They  often  vary  a  good  deal  more  in 
thickness  than  casts  do.  Casts  have  a  fairly  uniform  thickness 
throughout  their  length,  the  sides  of  the  cast  being  reasonably  parallel. 
Further,  again  unlike  casts,  cylindroids  often  bend  and  twist.  Com¬ 
posed  of  mucus,  they  occur  occasionally  in  normal  urine,  and  are 
increased  in  number  in  inflammatory  conditions. 

Summary 

The  presence  of  some  hyaline  casts  is  devoid  of  diagnostic  signifi¬ 
cance,  and  they  are  to  be  found  in  healthy  people,  particularly  after 
exercise.  Considerable  numbers  may  be  found  in  all  diseases  of  the 
kidneys.  Granular,  epithelial  and  fatty  casts  all  point  to  the  presence 
of  degenerative  changes  of  the  tubular  epithelium.  The  largest 
numbers  accordingly  are  found  in  subacute  and  chronic  glomerulo¬ 
nephritis,  that  is,  in  the  later  stages  of  Type  I  nephritis,  and  in 
Type  II  nephritis,  in  Ellis’s  classification.  They  are  rare  in  the 
initial  stages  of  acute  glomerulonephritis  when  glomerular  changes 
only  have  occurred.  In  benign  hypertension,  casts  are  usually  sma 
in  numbers  or  are  absent,  but  in  malignant  hypertension  casts  of  all 
varieties  are  common. 


Technique  of  Microscopic  Examination  of  Urine  Deposits. 

Centrifuge  at  least  5  to  10  ml.  of  fresh  urine.  Crystals,  blood,  pus 
and  casts  require  only  a  few  minutes,  but  if  bacteria  are  being  looked 
for  longer  periods  at  high  speeds  are  necessary. 

pour  off  the  supernatant  fluid  leaving  the  deposit  undisturbed  at  the 
bottom  of  the  tube.  Mix  the  deposit  with  the  remaining  few  drops 
of  urine  and  transfer  a  small  amount  to  a  microscope  slide,  cover 
with  a  cover  glass  and  examine  under  the  microscope  with  reduced 

illumination,  which  can  be  obtained  by  ™ 

onrl  Inwcrim?  the  condenser.  It  is  recommended  that  the  deposit  oe 

first  inspected  by  using  the  2/8  inch  objective,  then  more  closely  w.th 

“’Note'on  Artefacts.  Quite  a  varbty  of 

the  appearance  of  these  artefacts. 
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CHAPTER  VIII 


BLOOD  AND  URINE  UREA 

Urea  is  the  main  end  product  of  protein  metabolism  in  the  body. 
Removal  of  amino  groups  from  amino-acids,  from  which  urea  is 
formed,  takes  place  in  the  liver. 


BLOOD  UREA 

Determination  of  blood  urea  is  important  not  only  in  many 
diseases  of  the  kidneys,  but  in  a  wide  range  of  conditions  which  are 
not  primarily  renal.  Most  methods  have  used  the  conversion  of 
urea  into  ammonium  carbonate  by  the  action  of  the  enzyme  urease 
found  in  soya  beans.  The  ammonia  formed  is  estimated  either  by 
nesslerization  or  by  aeration  into  standard  acid.  Colorimetric 
methods  have  also  been  devised,  but  have  not  found  as  wide 
acceptance. 


Determination  of  Blood  Urea 

I.  Urease  Nesslerization  Method 
Reagents.  1.  Powdered  soya  bean  meal. 

2.  Isotonic  sodium  sulphate  solution.  Dissolve  3  grams  of 
NaaSO^,  lOHgO  in  distilled  water  and  make  up  to  100  ml. 

^3.  Sodium  tungstate,  10  per  cent,  solution  of  Nag'^  D4, 

4.  Sulphuric  acid,  2/3  N  solution. 

5.  Solution  of  Gum  Ghatti.  Suspend  1  gram  of  gum  ghatti, 
loosely  tied  in  muslin,  for  twenty-four  hours  m  a  litre  of  nitrogen-free 
distilled  water.  Preserve  the  solution  so  obtained  with  a  few  drop 

of  ehloroform.  Discard  the  residue  in  the  muslin. 

6.  Nessler’s  Reagent.  Make  the  following  two  solutions. 

A  Dissolve  22-5  grams  of  iodine  in  a  solution  of  80  grams  of 
notessium  iodide  in  20  ml.  of  water.  When  solution  is  complete, 
»dd  80  mams  of  mercury.  Shake  well,  keeping  cool  by  immersing 
fn  cidd  fater  frortTme  to  time,  until  the  supernatant  fluid  has  lost 
all  vellow  colour  due  to  iodine.  Decant  the  supernatant 

“'T  :X>>ate^'oto«om  ^  of 

the  pure  drv  salt  in  distilled  water  and  make  up  to  1  litre, 
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8.  Standard  ammonium  sulphate  solutions  for  use. 

(a)  Dilute  2  ml.  of  stock  standard  to  100  ml.  with  water.  One  ml. 
of  this  is  equivalent  to  0-02  mg.  urea. 

(b)  Dilute  5  ml.  of  stock  standard  to  100  ml.  One  ml.  is  equivalent 

to  0-05  mg.  urea. 

Technique.  Add  0-2  ml.  of  blood  to  3-2  ml.  of  water  or- isotonic 
sodium  sulphate  solution.  Then  add  about  20  mg.  of  powdered  soya 
bean  meal,  stopper  the  tube,  and  incubate  for  at  least  fifteen  minutes 
at  40°  to  50°  C.  Add  0-3  ml.  of  10  per  cent,  sodium  tungstate  and  0-3 
ml.  2/3  N  sulphuric  acid.  Mix  well,  stand  for  a  few  minutes  and 
centrifuge. 

To  2  ml.  of  the  clear  supernatant  fluid  add  5  ml.  of  ammonia-free 
water,  or  of  the  gum  ghatti  solution  if  trouble  due  to  turbidity  is 
experienced,  and  1  ml.  of  Nessler’s  reagent.  Prepare  standards  for 
the  colorimeter  by  treating  2  ml.  of  the  standard  solutions  {a)  and  (b) 
similarly.  For  the  photoelectric  colorimeter  standard  (b)  is  sufficient. 
Use  a  blue  filter  or  transmission  at  480  millimicrons,  and  read  against 
a  blank  prepared  by  mixing  7  ml.  of  water  and  1  ml.  of  Nessler’s 
reagent.^  Check  the  reagents  by  putting  through  a  complete  reagent 
blank,  using  0-2  ml.  of  water  instead  of  blood. 


Calculation.  For  the  photoelectric  colorimeter,  since  2  ml.  of 
supernatant  fluid  is  equivalent  to  0-1  ml.  blood,  and  2  ml.  of  standard 
are  equivalent  to  OT  mg.  of  urea, 

Af  1  1,1  j  Reading  of  unknown  100 

Mg.  urea  per  100  ml.  blood  =  ^  . 


X  0-10  X 


X  100. 


01 

\ 


Reading  of  standard 
_  Reading  of  unknown 
Reading  of  standard 

Since  the  colour  may  not  obey  Beer’s  law,  a  standard  curve  should 
be  prepared  and  the  above  formula  used  only  if  a  straight  line  is 
obtained.  Such  a  curve  can  be  prepared  as  follows,  using  a  standard 


Mg.  urea  per  100  ml.  blood  .  .  o 

Ml.  standard  (1  ml.  =  010  mg.  urea)  0 
Ml.  water  .....  2  0 


o 

o 

o 

mg. 

of  urea. 

40 

80 

120 

160 

0-4 

0-8 

1-2 

1-6 

It) 

1-2 

0-8 

0  4 

200 
2  0 
0 


^Vith  the  visual  colorimeter  the  two  standards  (a)  and  (b)  corre- 
spond  to  40  and  100  mg.  per  100  ml.  resjieetively.  For  values  above 
'  ^  smaller  amount  of  supernatant  fluid. 

1  he  standard  curve  can  also  be  checked  by  putting  through  some 
urea  standards  Prepare  a  solution  containing  200  mg.  urea  pe? 
1  ^  dilution,  solutions  containing  50  100 

as  described  forThe  tesP  estimation  on  these  four  solutions 


II.  Urease  Aeration  Method.  (Van  Slyke  and  Cullen,  1914) 

bv  the  aetinf  converted  into  ammonium  carbonate 

y  action  of  urease,  and  potassium  earbonate  added  to  liberate 
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the  ammonia.  This  is  then  aerated  over  into  a  measured  amount  of 
sulphuric  acid.  The  volume  of  acid  neutralized  by  the  ammonia 
gives  a  measure  of  the  urea  present  in  the  blood  taken. 

Reagents.  1.  Phosphate  buffer.  Dissolve  6  grams  of  potassium 
dihydrogen  phosphate  and  2  grams  of  disodium  hydrogen  phosphate 
in  water  and  make  up  to  a  litre.  Preserve  with  a  few  ml.  of 
chloroform. 

2.  Secondary  octyl  alcohol. 

3.  Powdered  soya  bean  meal. 

4.  Saturated  potassium  carbonate  solution. 

5.  Solid  potassium  carbonate. 

6.  N /lOO  sulphuric  acid.  Prepare  frequently  from  stock  N  or  N/10. 

7.  N/lOO  sodium  hydroxide  (carbonate-free).  Prepare  frequently 
from  stock  N  or  N/10. 

8.  Methyl  red  indicator. 

Technique.  Into  a  cylinder  or  tube,  A,  of  about  100  ml.  capacity 
place  3  ml.  blood  from  a  pipette  calibrated  to  contain.  Wash 


&UOOO 


AlA 


To  PUMP 


b 


loo 

SULPHOR-lC 

A.tlP 


Fig.  30.  Apparatus  for  Aeration  Method  for  Flood  Urea, 
through  the  pipette  with  5  >"*•  oram'S'* powdered  soya  bean 
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tlie  other  almost  reaching  to  the  bottom  of  the  cylinder,  lit  the 
tubes  with  short  lengths  of  rubber  tubing  and  plug  these  with  short 
lengths  of  glass  rod.  Place  the  cylinder  m  a  water  bath  at  45  to 
50°  C.  for  thirty  minutes.  During  this  incubation  the  longer  tube 
is  better  raised  out  of  the  liquid  in  the  cylinder.  Into  another 
cylinder,  B,  run  50  ml.  of  N/lOO  sulphuric  acid.  After  incubating, 
connect  the  two  cylinders  together  as  shown  (Fig.  30).  The  con¬ 
nection  should  be  made  by  closing  the  rubber  tube  from  the  digestion 
cylinder  with  the  fingers,  removing  the  glass  rod  plug,  and  slipping 
tile  rubber  tube  on  to  the  inlet  tube  of  the  cylinder  containing  the  acid. 
This  ensures  that  the  gas  in  the  digestion  cylinder  passes  through  the 
acid.  Then  push  the  longer  tube  down  into  the  blood  mixture. 
Connect  the  outlet  tube  of  the  acid  cylinder  to  a  pump  so  that  air 
can  be  drawn  tlu’ough  the  apparatus  in  the  direction  shown.  This 
air  from  the  atmosphere  should  first  be  passed  through  a  bottle 
containing  25  jier  cent,  sulphuric  acid  to  remove  any  ammonia  which 
may  be  present.  Insert  a  trap  to  prevent  acid  spray  from  being 
carried  over.  After  connecting  up,  draw  a  little  air  through  to  clear 
the  gas  out  of  the  digestion  cylinder.  Then  with  the  pump  turned 
off,  raise  the  bung  of  the  cylinder  and  drop  in  4  grams  of  solid 
potassium  carbonate,  and  pour  in  4  ml,  of  saturated  potassium 
carbonate  solution.  Alternatively  10  ml.  of  saturated  solution  can 
be  used.  Quickly  replace  the  bung.  Aerate,  slowly  at  first,  then 
more  rapidly  for  twenty  to  thirty  minutes  if  solid  carbohate  was 
used,  but  a  little  longer,  forty  to  forty-five  minutes,  if  only  solution 
was  added.  The  type  of  outlet  tube  shown,  with  a  widened  portion  a, 
is  used  to  diminish  the  chance  of  carbonate  being  carried  over  during 
the  aeration.  The  author  has  not  found  this  a  source  of  error  even 
when  using  straight  tubing.  The  orifice  at  the  end  of  the  inlet 
tube  in  the  acid-containing  cylinder  should  be  small  in  order  to 
reduce  the  size  of  the  bubbles.  At  the  end  of  the  aeration,  dis¬ 
connect  and  pipette  off  25  ml.  of  the  acid.  Titrate  this  with  N/lOO 
sodium  hydroxide  using  methyl  red  as  indicator.  Titrate  also  25  ml 
of  the  acid  used  with  the  N/lOO  hydroxide.  Twentv-five  ml.  should 

e  required.  The  two  solutions  should  be  kept  equivalent  to  within 
0-1  ml. 


Calculation.  Since 


a 


normal  solution  of  urea  contains  30  OTams 

lo”n  "  p"'®'  ^  '!'!•  ^/*'**’  sulphuric  acid  is  equivalent 

to  0-30  mg.  of  urea.  From  this  it  is  easily  seen  that 
Mg.  urea  per  100  ml.  blood 


X 


X  0-30  X  2 


(Titration  of  standard  —  titration  of  test) 

—  (Titration  of  standard  —  titration  of  test)  x  20. 

uniiuonia  in  the  soya  bean  meal,  equivalent 

Iblrss  pe“  e«^-  The  method  deVm  ne 

t*:  smalfroumes  of  err  “eLT"' n  ^7 

«es.  I.  The  technique  given  covers  blood  urea  values  up  to 
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500  lug.  per  100  ml.  For  the  very  few  higher,  75  ml.  of  N/lOO  acid 
can  be  used,  multiplying  by  30  instead  of  20  in  the  ealeulation,  or 
less  blood  used.  If  indicator  is  added  to  the  acid  before  aerating, 
warning  is  given  by  a  change  in  colour,  that  the  whole  of  the  acid 
has  been  neutralized.  Further  acid  can  then  be  run  in,  or  a  sufficient 
degree  of  accuracy  achieved  by  titrating  the  excess  of  ammonia  with 
further  N/lOO  acid. 

2.  Check  the  apparatus  by  running  blanks  occasionally,  and  also 
put  through  solutions  of  known  urea  content,  for  example,  one 
containing  100  mg.  urea  per  100  ml. 

3.  There  is  considerable  scope  for  ingenuity  in  setting  up  a  stable 
permanent  arrangement  permitting  a  series  of  determinations  to  be 
carried  out  simultaneously.  If  desired  the  apparatus  can  be  arranged 
so  as  to  be  connected  up  throughout  the  determination,  with  the 
digestion  tube  immersed  in  water  at  40°  to  50°  C.,  but  on  the  whole 
this  is  not  so  convenient. 


III.  Colorimetric  Method  using  Reaction  with  Diacetyl  (Natelson  et  al., 

1951) 

Reagents.  1.  Acid  mixture.  Add  75  ml.  of  85  per  cent,  phos¬ 
phoric  acid  to  100  ml.  of  water,  and  then  to  this  mixture  add  25  ml.  of 

concentrated  sulphuric  acid.  i  i  u  i 

2.  Diacctyl,  5  per  cent,  (v/v)  solution  m  95  per  cent,  ethyl  alcohol. 

This  keeps  indefinitely  in  the  refrigerator. 

3.  Acid  diacetyl  reagent.  Dilute  1  ml.  of  5  per  cent,  diacetyl 
to  25  ml.  with  the  acid  mixture.  Prepare  fresh  daily. 

4.  Tungstic  acid  reagent.  Mix  freshly  for  use,  equal  volumes  of 
(a)  0-15  N  sulphuric  acid.  Add  4-15  ml.  of  concentrated  acid  to 

water,  and  make  up  to  1  litre. 

Ih)  2-2  per  cent,  sodium  tungstate  (Na2VVU4, 
k  Stock  urea  standard  containing  100  mg.  per  100 
6  Standards  for  use.  Dilute  the  stock  standard  (a)  1  m  100,  and 
(6)  1  in  50,  to  obtain  two  standards  containing  0-01  mg.  per  ml.,  and 

"  tungstic  acid  reagent  to  0-1  .nl  of 

K1  8hnkp  well  stand  for  two  minutes  and  centrifuge.  To  2  ml. 

o?:upern\'ttrtluid?dd  2  .nl.  of  -id  diacetyl  reagent  M.x  we  K 

Treat” 2  ml.  of  --‘-"boiling 

the  same  way.  Heat  the  tunes  in  ou  ^  photoelectric 

:XiSi — i.,  f. 

Caruiation.  Since  2  ml.  of  filtrate  are  equivalent  to  0  05  ml.  of 
blo^od,  ami  2  ml.  of  standard  (o)  cm.tams  0-02  mg.  urea, 

Reading  of  unknown  ^  ^ 

Mg.  urea  per  100  ml.  blood  =  R^^Hmg^Tstanffid  0  05 

Reading  of  unknown  ^ 


For  standard  {b)  the  factor  is  80. 


Reading  of  standard 
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Prepare  a  standard  curve  to  eheck  the  ran^^e  over  wliieli  Beer’s 
law  is  obeyed.  For  tliis  purpose  a  standard  solution  obtained  by 
diluting  the  stock  standard  1  in  20  can  be  used.  Use  only  the  straight 
line  part  of  the  curve. 


0 


M}i.  urea  ])er  100  nil.  . 

Ml.  standard  solution  (1  ml.  =  0  0.5 

nig.) . ^ 

Ml.  water  .....  2  0 

Develop  the  colours  as  described  for  the  standards  above. 


25 

50 

75 

100 
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10 
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INTERPRETATION 


The  generally  accepted  range  for  the  blood  urea  in  normal  persons 
on  a  full  ordinary  diet  is  from  15  to  40  mg.  per  100  ml.  It  averages 
a  little  higher  in  older  people  in  whom  it  may  reach  50  mg.  per  cent. 
The  urea  content  over  a  period  is  influenced  by  the  amount  of  protein 
in  the  diet  and  tends  to  be  lower  in  people  on  low  protein  diets. 
Thus,  although  the  blood  urea  does  not  vary  greatly  during  the  day, 
it  can  be  significantly  reduced  both  in  normal  persons,  and  in  patients 
with  kidney  disease  when  such  diets  are  being  taken.  Hence  a  fall 
in  blood  urea  may  occur  without  there  being  any  real  improvement 
in  the  condition  as  shown  by  other  tests  such  as  the  urea  clearance 
test. 

Urea  diffuses  readily  into  all  the  body  fluids.  Its  concentration 
in  the  water  of  plasma  and  cells  is  the  same  but  as  the  water  content 
of  the  cells  is  a  little  less  per  unit  volume  than  that  of  plasma,  the 
ratio  of  urea  in  plasma  to  cells  is  about  5:4. 

Blood  urea  is  lower  in  pregnancy  than  in  normal  non-pregnant 
women.  It  is  commonly  between  15  and  20  mg.  per  100  ml.  and  is 
rarely  higher  than  25. 


Increases  in  blood  urea  may  occur  in  a  number  of  diseases  in 
addition  to  those  in  which  the  kidneys  are  primarily  involved.  The 
same  division  into  pre-renal,  renal,  and  post-renal  which  was  used 
in  considering  albuminuria  is  also  convenient  here. 

1.  Pre-renal.  The  most  important  of  these  are  the  cases  in  which 
there  is  dehydration  with  reduced  volume  of  body  fluids  and  so  of 
plasma  volume,  usually  the  result  of  an  excessive  loss  of  chlorides 
Ihis  may  occur  when  there  is  severe  and  protracted  vomiting,  as  in 
pyloric  and  intestinal  obstruction  ;  in  chronic  intestinal  obstruction 
without  vomiting,  but  with  accumulation  of  a  large  volume  of 
intestinal  contents  ;  in  cases  in  which  there  is  heavy  loss  of  intestinal 
contents,  which  may  occur,  for  example,  as  a  result  of  severe  and 

Very  high  values  for  blood  urea  are  found  in 
ese  conditions  if  they  are  allowed  to  go  untreated.  Thus  in 

200  ma  \  vomiting  the  blood  urea  may  exceed 

u  cerit.,  and  even  occasionally  be  over  300,  yet  can  be  Quite 
WnnH  ^  brought  down  to  normal  with  satisfactory  treatment  ^The 
blood  urea  may  also  exceed  300  mg.  per  100  ml.  in  ulcerative  colitis 
W,th  severe  chloride  loss.  In  <liaUc  coma,  as  wr  ^ve  seen  the 
blood  urea  may  range  from  50  to  150  mg.  per  cent^Jeturn^g  to 
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normal  as  soon  as  the  coma  has  been  treated  ;  in  the  crises  of 
Addison’s  disease  (hypoadrenalism)  it  is  frequently  between  50  and 
100  mg.  per  100  ml.  and  in  very  severe  cases  may  be  between  100  and 
200. 

Ha?mateniesis  can  produce  increases  up  to  50  to  100  mg.  per 
100  ml.  with  higher  figures  occasionally.  Similar  values  may  be 
found  in  shock  due  to  severe  burns,  and  also  post-operatively.  The 
reduced  jjlasma  volume  in  these  conditions  leads  to  a  low  blood 
pressure,  which  reduces  the  effective  filtration  rate  in  the  glomeruli. 
Increased  protein  breakdown,  which  occurs  in  fevers  and  other  toxic 
conditions,  may  cause  moderate  increases.  This  factor  may  also 
play  a  part  in  bringing  about  some  of  the  increases  referred  to  above. 
In  particular,  the  rise  in  haematemesis  and  in  ha-morrhage  into  the 
alimentary  tract  in  general,  may  be  influenced  by  the  absorption  of 
products  from  the  digestion  of  the  blood  lost.  Finally,  in  cardiac 
failure  for  example  in  coronary  thrombosis  and  in  circulatory  collapse 
in  any  condition,  there  is  often  a  moderate  increase  ranging  from  40 
to  100  mg.  per  100  ml. 

2.  Renal  Disease.  The  blood  urea  is  naturally  increased  in  all 
forms  of  kidney  disease.  In  acute  glomerulonephritis  values  from 
normal  to  over  300  mg.  per  cent,  are  seen  (see  p.  133).  In  the  early 
stages  of  Ellis’s  Type  II  nephritis,  corresponding  to  the  condition 
known  as  nephrosis,  blood  urea  is  normal,  but  in  the  later  stages  it 
increases  with  increasing  renal  failure,  so  that  in  the  terminal  stages 
of  this  and  a  number  of  other  conditions  such  as  malignant  hyper¬ 
tension,  chronic  pyelonephritis,  and  mercurial  poisoning,  it  may 

reach  400  to  700  mg.  per  100  nd.  , 

In  diseases  such  as  hydronephrosis,  congenital  cystic  kidneys, 
renal  tuberculosis,  conditions  in  which  deposition  of  calciuiii  is 
occurring  as  in  hyperparathyroidism  and  hypervitaminosis  D,  in¬ 
creases  are  seen,  the  extent  of  which  depends  on  the  amount  of  kidney 

tissue^destroye^  diseases  which  lead  to  increase  in  blood  urea  are  those 
in  which  there  is  obstruction  to  the  flow  of  urine.  This  causes 
retention  of  urine  and  so  reduces  the  effecti^  filtration  pressure  at 
the  £?lomeruli  If  prolonged,  irreversible  kidney  damage  results. 
Most  important  among  these  is  enlargement  of  the 
estimation  of  blood  urea  is  an  essential  part  of  the  assessment  oi  tne 
Tondi^ion  Stones  in  the  urinarv  tract,  stricture  of  the  urethra,  and 

some  cases  of  severe  liver  disease. 

Determination  of  Urine  Urea  .  •  .  i 

Tf  is  often  of  value  to  know  the  urea  concentration  in  the  urine 
bo!h  :f  single  spe'cimens,  and  -  l-t  of  tests  such  as  the  « 

f^‘oh:!::itfn«^^  “Sor  tC:  ra 

— tion,  careful  d.lution 
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may  be  necessary  to  bring  the  urea  concentration  into  a  range 
satisfactory  for  the  test. 


I.  The  Hypobromite  Method 

The  volume  of  nitrogen  liberated  by  the  action  of  hypobromite  on 
the  urea  present  in  the  urine  is  measured.  The  action  is  usually, 
though  not  accurately,  expressed. 

CO(Xn2)2  +  3  NaOBr+2  Na0H=N2+Na2C03+3  NaBr+3H20 

Reagent.  Alkaline  hypobromite.  Slowly  add  10  ml.  of  bromine 
to  100  ml.  of  40  per  cent,  caustic  soda  solution,  keeping  cool  whilst 


mixing.  Prepare  freshly  for 
use.  This  gives  a  mixture 
of  sodium  hypobromite  and 
sodium  bromide  in  marked 
excess  of  caustic  soda. 

Technique,  (a)  Using  the 
Gerrard  Ureometer.  This  is 
shown  in  Fig.  31.  Place 
25  ml.  of  the  alkaline  hypo¬ 
bromite  solution  in  the 
bottle  which  has  a  calibra¬ 
tion  mark  for  this  amount. 
Add  a  few  drops  of  caprylic 
alcohol  to  reduce  the  amount 
of  frothing.  Place  the  small 
test-tube  in  the  bottle  as 
shown,  and  carefully  pipette 
5  ml.  of  the  urine  into  it.  A 
small  piece  of  rubber  tubing 
fitted  on  to  the  bottom  end 
of  this  tube  reduces  break¬ 
ages.  Insert  the  bung  into 
the  bottle.  Open  clip  A  and 
bring  the  water  in  cylinder  C 
to  zero  by  adjusting  the 
height  of  li.  Close  the  clip. 
Before  use  test  carefully  for 
leaks  by  lowering  the  reser¬ 
voir.  The  level  of  water 
shoidd  fall  a  little  in  C  and 
then  remain  constant.  Mix 
the  urine  and  hypobromite 
carefully  by  gently  inclining 
the  bottle,  so  that  frothing 
is  moderate  in  amount  and 
none  of  the  mixture  passes 
out  of  the  bottle.  Shake 
well  when  the  reaction  is 
nearing  completion.  When 
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evolution  of  nitrogen  is  finished,  level  again  and  read  off  the  per¬ 
centage  of  urea  in  the  urine.  The  apparatus  is  calibrated  so  as  to 
read  directly  in  terms  of  grams  urea  per  100  ml.  of  urine. 

This  is  not  a  very  accurate  method.  Errors  up  to  5  per  cent,  above 
the  actual  urea  content  are  common  ;  readings  between  5  and  10  per 
cent,  too  high  may  be  obtained  occasionally.  Nevertheless  the 
method  is  sufficiently  accurate  for  many  clinical  purposes,  and 
because  of  its  simplicity  has  been  much  used. 

(6)  Maclean^ s  Ureometer.  In  this,  the  volume  of  nitrogen  is 


Fig.  32.  Maclean  Ureometer. 


measured  directly 
brated  in  tenths  of 

described  above.  The  apparatus  is  shown 


The  apparatus  is  shown  in  Fig.  32. 

is  found  that  1  ml.  of  nitrogen  is  liberated  from 


Calculation.  It  is  found  that  1  ml.  of  i 
2-5  mg.  of  urea,  so  if  5  ml.  of  urine  is  used, 


1,000  5  liber; 

=  0*05  X  lul.  nitrogen  liberated. 


2-5 


X  number  of  ml.  nitrogen 


5  liberated. 
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The  effect  of  tenijierature  and  pressure  on  the  volume  of  nitrogen  can 
be  ignored  for  clinical  purposes. 

Notes.  1.  If  no  other  apparatus  is  available  an  ordinary  burette 
can  be  adapted  for  use  in  measuring  the  volume  of  nitrogen  evolved. 
An  extra  glass  tube  fitted  with  a  rubber  tube  and  clip,  for  use  in 
levelling  off  the  level  of  liquid  before  starting  the  reaction,  is  passed 
through  the  bung  of  the  bottle.  The  burette  used  is  clamped  the 
usual  way  up  and  fitted  at  the  top  with  a  cork,  through  which  passes 
a  glass  tube  connected  with  the  bottle  as  in  the  other  forms  of 
apparatus.  The  lower  end  of  the  burette  is  then  connected  to  the 
reservoir. 

2.  The  Van  Slyke  gas  apparatus  (see  p.  354)  can  also  be  used  and 
is  specially  valuable  if  only  a  small  amount  of  urine  is  available,  as 
may  be  the  case  when  ureteric  catheterization  is  being  done.  How¬ 
ever,  in  such  cases  it  may  be  less  trouble  to  use  the  blood  urea  method 
already  in  use  in  the  laboratory,  remembering  that  an  ammonia 
blank  has  to  be  done  with  urease  methods. 


II.  Cole’s  Urease  Titration  Method  (Modified  Harwood,  1950) 

The  urea  is  converted  into  ammonium  carbonate  by  the  action  of 
urease  and  this  directly  titrated  with  hydrochloric  acid. 

Reagents.  1.  N/10  hydrochloric  acid. 

2.  Indicator,  (a)  0-1  per  cent,  bromthymol  blue,  (b)  0-1  ner 
cent,  methyl  red.  Mix  4  parts  of  (a)  with  6  parts  of  (b).  The  colour 
changes  are  red  at  pH  4,  orange  pH  5,  yellow  pH  6,  and  green  pH  7. 

used*^^^^^^*'^^  Houses’  Universal  Indicator  can  be 

1  nn  5  grams  of  soya  bean  meal  to  a 

flask  and  add  10  ml.  of  3  per  cent,  potassium  dihvdroffen 

miZ^  V"  ShaL  vigorously  for  ^ne 

rln  •  ^  the  refrigerator.  ^ 

Technique.  Pipette  1  ml.  of  urine  into  a  test  a  m  o  j 

of  indicator.  Adjust  to  pH  4  /red)  with  til  n  ^i*  .2  drops 

p'‘a'"\Vhen  thrS^irrturns''|^in  id^N/W  hyd“"w  ‘ 

from  a  burette  until  yellow  and  cornm,,^  i  f  i  li  ^  hydrochloric  acid 
turns  green.  Leave“o^C  mixture  no  longer 

until  the  mixture  turns  red  usinatL  n  f  .  ^  ^^iinutes.  Titrate 
Calculation.  ATomalliution 
so  N/10  urea  contairs  ^amrper  111^0^ 

1  ml.  N/10  hydrochlori?  acTd  requlrabnt  to  f -rir,™'- 
So  if  n  =  number  of  ml.  N/10  HCl  required  ' 

Mg.  urea  per  ml.  urine  =  n  X  3  •  or  v  -mo 

Urams  urea  per  litre  =  n  x  3,  ’  ^  "A- 

interpretation 

re^pSey^x  b"?  ::s.rtiLTrr 
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single  specimens.  A  high '  concentration  of  urea  shows  that  the 
kidneys  possess  a  good  concentrating  power,  and  is  not  found  in 
presence  of  renal  failure.  In  cases  where  there  is  increased  blood 
urea  due  to  pre-renal  factors,  urine  urea  may  be  quite  high. 

The  average  concentration  of  urea  over  the  day  is  about  2  0  per 
cent,  and  the  total  daily  excretion  is  about  30  grams.  On  an  ordinary 
diet  urea  nitrogen  forms  about  80  to  90  per  cent,  of  the  total  urine 
nitrogen,  but  on  a  low  protein  diet  it  falls  towards  60  per  cent.  The 
amount  excreted  may  be  high  in  conditions  in  which  considerable 
breakdown  of  body  protein  is  occurring. 

Note.  Fluids  thought  to  be  urine  or  to  be  contaminated  with 
urine  can  often  be  recognized  by  estimating  their  urea  content.  It 
may  be  necessary  to  determine  the  blood  urea  at  the  same  time. 
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CHAPTER  IX 

CHEMICAL  TESTS  IN  KIDNEY  DISEASE 


We  have  seen  that  in  renal  disease,  failure  of  the  kidneys  to 
excrete  urea  may  lead  to  an  increase  in  blood  urea.  In  the  same 
way,  other  waste  products  accumulate,  particularly  nitrogenous 
substances,  so  that  there  is  an  increase  also  in  blood  uric  acid  and 
creatinine.  These  substances  are  discussed  more  fully  later  (see 
pp.  151,  145),  but  reference  to  their  behaviour  in  renal  disease  will  be 
made  here. 

Uric  Acid.  Any  increase  in  uric  acid  is  found  to  correspond 
roughly  with  the  increase  in  urea.  Although  it  has  been  stated  that 
blood  uric  acid  may  be  increased  earlier  than  the  blood  urea,  other 
factors  may  influence  the  uric  acid  level,  so  it  is  doubtful  whether 
any  significance  can  be  attributed  to  the  small  increases  which 
might  be  found  in  such  cases.  With  increasing  renal  failure  the 
blood  uric  acid  is  markedly  increased  from  the  normal  of  1  to  5  mg. 
per  100  ml.  to  10,  20,  and  even  30  mg.  per  100  ml.  Estimation  of  uric 
acid  is  little  used  in  renal  disease. 

Creatinine.  Whereas  uric  acid  may  possibly  begin  to  increase 
before  the  blood  urea,  the  reverse  is  true  of  creatinine.  There  is 
evidence  that  the  tubules  can  excrete  a  certain  amount  of  creatinine 
in  man,  at  any  rate  at  raised  blood  levels,  so  this  may  contribute  to 
its  removal  from  the  blood.  Creatinine  may  therefore  be  normal 
when  appreciable  increase  in  blood  urea  has  occurred.  Hence 
increases  of  creatinine  are  of  graver  prognostic  significance  than  those 
ot  other  nitrogenous  substances,  and  the  estimation  has  sometimes 
been  used  for  this  purpose.  With  severe  renal  failure,  the  creatinine 
may  rise  from  the  normal  of  1-0  to  2-0  mg.  per  100  ml.  to  over  10  m? 
per  100  ml  whilst  figures  up  to  and  over  30  have  been  found. 

These  substances  and  urea  form  the  major  part  of  the  non-protein 
nitrogen  of  the  blood,  which  is  sometimes  determined  instead  of  the 
urea.  There  appears  to  be  little  reason  for  this  since  the  urea 
estimation  is  simpler,  and  in  almost  all  cases  gives  the  same  informa 
tion.  Non-protem  nitrogen  is  discussed  further,  p.  139. 

C  henal  function  tests  ) 

understcod  at  preseT^  ^=1  atltt  ?f 
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other  nitrogenous  waste  products  can  still  be  removed.  The  inability 
of  the  kidneys  to  excrete  these  in  as  high  a  concentration  as  in  normal 
persons,  is  counterbalanced  by  the  larger  volume  of  urine  passed. 
Several  tests  have  been  devised  to  reveal  such  a  limitation  of  con¬ 
centrating  power  and  will  be  discussed  shortly. 

Furthermore,  an  increased  proportion  of  the  urine  is  passed  during 
the  night  so  that  the  ratio  of  day  to  night  urine,  which  is  normally 
in  the  region  of  2  :  1  or  over,  falls  in  these  early  stages  of  renal 
impairment.  For  such  a  comparison,  urine  should  be  collected  from 
8  a.m.  to  8  p.m.  for  the  day  urine,  and  from  8  p.m.  to  8  a.m.  for  the 
night  urine. 


The  Specific  Gravity  Test  (Fishberg,  1939) 

This  test  is  designed  to  test  the  concentrating  power  of  the  kidneys 
by  producing  conditions  under  which  they  should  manifest  as  nearly 
as  possible  their  maximum  concentrating  power.  It  is  the  simplest 
test  to  perform  since  it  does  not  require  any  laboratory  facilities.  It 

6  v.m.  Give  the  patient  a  meal  with  a  good  protein  content  but 
with  not  more  than  200  ml.  of  fluid  to  drink.  Allow  no  more  fluid 

^^Em^pty  thTbladder  on  retiring  to  rest.  Discard  this  urine. 

Discard  any  urine  passed  during  the  night.  4?  •  o 

Orthe  following  morning  collect  three  spec.mens  of  urme  as 

8  n  m  Empty  the  bladder.  Specimen  1. 

9  am  As&in  empty  the  bladder.  Specimen  II.  Whilst  the 
first  snecimen  may  contain  some  of  the  night  urme  this  specimen 
stolid  consist  of  mine  produced  by  the  kidneys  fourteen  to  fifteen 

'’°io  mm"  totri'furtto'specimen.  Specimen  III  This  gives 

“tefpSrg  tec'lmen’irs:  Ctth"  eCt"  orposturron  the 
‘‘'“rrthe^spedfirgmvity  of  these  three  specimens.  A  urino- 

metermaybe.used(seep.18). 

interpretation  specimen  should  exeeed  1-022 

;UrtoXnCfap%-Ls  nearer  and  nearer  to  fOlO  as  this 

;:27y'"dm"7e-ve7:w,r  false  low  specific  gravities  may  be 

obtained.  ,  useful  one  and  will  show  the  presence 

„fl“dc7un  where  the  blood  urea  is  within  normal 

limits. 
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Dilution  Tests.  Not  only  is  the  power  of  the  kidneys  to  produce 
concentrated  urine  impaired,  but  also  the  ability  to  excrete  dilute 
urines.  This  latter  fact  has  been  used  in  dilution  tests.  In  one  of 
these  no  water  is  taken  after  midnight.  The  bladder  is  emptied  at 
7  a.m.  and  1,200  ml.  of  water  drunk  within  the  next  half  hour.  The 
bladder  is  emptied  hourly  for  the  next  four  hours,  that  is,  at  8,  9,  10, 
and  11  o’clock.  The  volume  and  specific  gravity  of  each  specimen 
are  measured.  Almost  all  the  water  drunk  should  be  excreted  within 
these  four  hours  and  the  specific  gravity  of  at  least  one  should  fall 
to  1-003  or  below.  With  impaired  renal  function  such  a  low  specific 
gravity  is  not  reached,  and  smaller  volumes  of  urine  are  passed. 
These  volumes  may  be  less  than  100  ml.  with  specific  gravities  of 
1-010  in  more  advanced  cases. 

Fixation  of  Specific  Gravity.  It  is  seen  that  with  increasing  renal 
failure  there  is  a  contraction  of  the  range  of  urine  specific  gravity, 
which  in  normal  cases  can  extend  from  1-040  to  almost  1-000.  This 
goes  on  until  only  urine  with  a  specific  gravity  of  about  1-010  can  be 
produced.  To  this  the  term  fixation  of  specific  gravity  is  given. 

It  is  evident  that  once  this  stage  has  been  reached,  the  above  tests 
can  give  no  further  indication  as  to  the  course  of  the  condition.  But 
by  such  times  the  blood  urea  will  be  increased,  and  the  extent  of  this 
increase  and  the  rate  at  which  it  is  occurring,  will  provide  such 
information.  Urea  clearance  will  also  be  diminished. 


Maclean’s  Urea  Concentration  Test  (McLean  and  de  Wesselow,  1920) 

This  is  another  concentration  test  which  has  been  used  a  good 
deal.  Following  a  period  of  restricted  fluid  intake,  urea  is  given 
and  the  urine  urea  determined.  The  ability  of  the  kidneys  to  excrete 
a  urine  with  a  high  concentration  of  urea  is  thus  studied. 

Technique.  Give  no  food  or  fluid  during  the  ten  to  twelve  hours 
before  the  test.  Early  in  the  morning,  before  breakfast  is  allowed, 
say  at  7  o’clock,  instruct  the  patient  to  empty  the  bladder,  and  then 
give  15  grams  of  urea  dissolved  in  100  ml.  of  water.  This  may  be 
flavoured  with  tincture  of  orange  if  desired.  Then  ask  the  patient 
to  empty  the  bladder  at  hourly  intervals  for  the  next  three  hours, 
say  at  8,  9,  and  10  a.m.  ^Measure  the  volume  and  determine  the  urea 
content  of  each  specimen. 


interpretation 

A  urea  concentration  of  2-5  per  cent,  is  reached  in  most  normal 
cases,  m  at  least  one  of  the  specimens.  If  such  a  concentration  is 
not  reached,  and  particularly  if  the  concentration  fails  to  reach 
2-0  per  cent,  m  any  speciinen,  some  degree  of  renal  failure  is  indicated, 
he  greater  the  extent  of  this,  the  lower  is  the  maximum  urea  con- 

centration  found.  The  urine  urea  may  be  less  than  1  per  cent,  in  all 
three  specimens.  ^ 

Restriction  of  fluid  during  the  period  before  the  test  is  essential 
None  of  the  specimens  should  have  a  volume  of  more  than  120  ml 
\olumes  greater  than  this  probably  indicate  either  that  th^^  n  a 
restnctions  have  not  been  a'dhered  1.  orttat  ^dta  !iuh  Irbemg 
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evacuated.  False  conclusions  may  then  be  drawn  if  low  urea  con¬ 
centrations  are  found.  The  volumes  of  the  specimens  afford  a  good 
check  in  regard  to  this. 

The  hypobromite  method  for  estimating  the  urine  urea  is  suffi¬ 
ciently  accurate  for  this  test,  which,  because  of  its  simplicity  has  been 
much  used. 


Combined  Urea  Concentration  and  Dilution  Tests 

These  study  the  kidney’s  ability  to  produce  both  a  concentrated 
and  a  dilute  urine.  In  the  first  part  of  the  test  urea  is  given,  in  the 
second  part  a  considerable  volume  of  water.  One  such  test  is 
described. 

Technique.  Give  a  light  meal  with  not  more  than  200  ml.  of  fluid 
at  6  p.m.  At  10  p.m.  give  15  grams  of  urea  dissolved  in  100  ml.  of 
water  as  in  McLean’s  test. 

11  p.m.  Empty  the  bladder  and  discard  the  urine.  The  patient 
is  encouraged  to  sleep  throughout  the  night. 

7  a.m.  Empty  the  bladder  and  add  this  urine  to  any  urine  which 

was  passed  during  the  night.  Specimen  I.  «  r,  •  j  u-  u 

7  to  7.30  a.m.  Give  the  patient  a  pint  and  a  half  of  fluid,  which 
may  be  water,  flavoured,  if  desired,  with  lemon,  or  weak  tea. 

8,  9,  and  10  a.m.  Empty  the  bladder.  Specimens  II,  III,  and  IV. 


INTERPRETATION  . 

In  the  night  urine,  Specimen  I,  a  concentration  of  3  per  cent,  urea 
should  be  reached,  whilst  after  drinking  the  fluid  a  urea  concentration 
of  0*5  per  cent,  or  less  should  result.  When  there  is  renal  impairment 
the  urea  concentration  of  Specimen  I  is  lower  that  Specimens  II 
III  and  IV,  higher  than  the  figures  given.  The  gap  between  these 
is  progressively  narrowed  until  it  is  almost  non-existent.  By  tar 
the^greatest  effect,  however,  is  on  the  urea  concentration  of  Specimen 

I. 

Urea  Clearance  Test 

This  is  the  test  most  widely  used  at  the  present  time.  It  was 
introduced  by  Van  Slyke  and  his  co-workers  (Moller,  INIcIntosh  and 

Van  Slyke,  1928).  ns  fhe  number  of  ml.  of  blood  which 

Urea  clearance  can  be  defined  as  the  numoer  ojnu  j 

would  contain  the  urea  excreted  m  a  minute  by  the  kidneys. 
given  by  the  formula 

mfT.  urea  excreted  per  minute  _  ^ 
urea  clearance  =  -“hi^urea  per  ml.^Fblood”  B 

u”::  nil:  :f 

V  =  ml.  urine  excreted  per  minute. 

It  will  be  seen  that  so  long  as  U  and  B  are  expressed  in  the^me  way 
it  does  not  matter  how  we  actually  express  tnem. 

’'“te^^o^malTre^ele“arane■e  was  determined  empirically  on  a 
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number  of  normal  people  and  found  to  average  75  ml.  per  minute 
when  the  rate  of  exeretion  of  urine  was  2  ml.  or  more  per  minute. 
Urea  clearance  was,  however,  found  to  decrease  with  V  when  V  fell 
below  2  ml.  per  minute.  With  a  urine  volume  of  1  ml.  per  minute 
the  clearance  was  found  to  average  54  ml.  per  minute,  and  the 
decrease  with  decreasing  urine  volume  was  seen  to  be  proportional  to 
the  square  root  of  V.  Hence  for  values  of  V  from  about  0-5  to  2  ml. 
per  minute  the  average  normal  clearance  is  given  by  54'v/V,  increasing 
with  increase  in  V  up  to  75  when  V  =  2,  but  not  increasing  further. 
So,  if  we  are  to  compare  a  test  urea  clearance  with  the  average 
normal,  two  formulae  are  required.  Clearance  in  ml.  per  minute  is 
always  given  by  UV /B,  but  to  compare  with  the  normal  we  have  to 
take  into  account  this  fact  that  the  normal  varies,  diminishing  as 
Vv  when  V  is  less  than  2.  Accordingly  one  formula  is  used  for 
values  of  V  under  2  and  a  different  one  when  V  is  2  or  more. 

For  values  of  V  =  2  or  over.  Van  Slyke  used  the  term  maximum 
urea  clearance.  Expressing  this  as  a  percentage  of  the  average 
normal  we  get 


Maximum  urea  clearance  (as  per  cent,  of  the  average  normal) 
_  observed  urea  clearance 

average  normal  maximum  urea  clearance  ^ 

UV 


B 

75 


X  100  = 


100  UV 
75  “F 


4  UV 
3  ■  B 


1-33 


B  • 


For  \  allies  of  \  less  than  2,  ^  an  Slyke  used  the  term  standard  urea 
clearance,  since  he  referred  these  to  a  standard  of  54  ml.  per  minute 
the  average  urea  clearance  when  V  =  1.  The  formula  for  its  calcula¬ 
tion  IS  derived  as  follows  : 

Standard  urea  clearance  (as  per  cent,  of  the  average  normal) 

_  observed  urea  clearance 

X  100. 


average  normal  standard  urea  clearance  X  "v/V 
UV 

UV  _  1-85  UVV 
54  B  VV  B  * 


B 


54  VV 


=  X  100  =  — 


-tr  "IKK  .Krir 

out  the  test  over  a  two-hour  period  between  q  q  «  i  carry 

before' Yinidn^tlie 

again  an  ho,.  ,ate.!  Keep  th'e^C 
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after  collecting  the  first  of  these  take  a  speeiinen  of  blood.  Determine 
the  urea  content  of  the  blood  and  urines,  and  measure  aecurately  the 
volumes  of  the  latter.  An  example  of  such  a  test  as  regards  eollection 
of  specimens  would  be  : 

9.25  a.m.  Cupful  of  water  given  to  patient. 

9.30  a.m.  Patient  empties  bladder  completely.  Urine  discarded. 

10.30  a.m.  Bladder  again  emptied  completely.  Urine  Specimen  I. 

10.35  a.m.  Specimen  of  blood  taken. 

11.30  a.m.  Bladder  emptied  completely.  Urine  Specimen  11. 


The  times  need  not  be  exactly  an  hour  so  long  as  they  are  accurately 
noted,  though  an  hour  is  most  eonvenient,  particularly  if  one  ean 
arrange  to  begin  the  test  exactly  at  the  hour,  which  is  easy  with 
ward  patients  but  not  always  so  with  out-patients. 

Two  specimens  of  urine  are  taken  so  as  to  eheck  the  reliability  of 
their  collection.  It  is  this  accurate  collection  of  the  urine  specimens 
which  is  the  main  difficulty  of  the  test.  If  sufficient  water  is  given 
before  the  test,  to  promote  a  reasonable  flow  of  urine,  say  at  least 
100  ml.  in  an  hour,  and  if  the  patient  is  carefully  instructed  as  to 
what  is  required,  it  is  the  author’s  experience  with  a  large  number 
of  out-patients,  that  good  agreement  can  be  obtained  between  the 
values  for  the  clearance  from  the  two  specimens.  However,  it  must 
be  admitted  that  without  sufficient  care,  serious  errors  may  result. 
One  such  error  is  due  to  the  incomplete  or  even  non-emptying  of  the 
bladder  at  the  beginning  of  the  test.  This  may  lead  to  fantastically 
high  figures  for  the  first  hour.  In  other  cases  the  bladder  may  be 
incompletely  emptied  at  the  end  of  the  first  or  second  hour.  If  there 
is  a  serious  discrepancy  between  the  two  values  it  is  best  to  repeat 
the  test.  The  difference  between  the  two  hourly  specimens  in  a 
really  satisfactory  test  should  not  exceed  10  per  cent. 

Calculation.  The  following  will  give  an  example  of  the  ealculatioii 
and  illustrates  the  use  of  both  formulae.  The  test  gave 


Blood  urea  72  mg.  per  100  ml. 

Urine.  Specimen  I  (60  minutes).  1-05  per  cent.  urea.  96  ml. 

Specimen  II  (60  minutes).  0-64  per  eent.  urea.  165  ml. 

Specimen  I.  Applying  the  formula  for  the  standard  clearance 

UVV  1050 

Urea  clearanee  =  1-85  — ^  =1-85  X  ^  W  60 

=  34  per  cent,  of  the  average  normal. 


Specimen  II.  Applying  the  formula  for  the  maximum  clearance 

4  UV  4  640  165 

Urea  clearance  =  -  -g-  ~  3  ^  ^  60 

=  33  per  cent,  of  the  average  normal. 

Reported  as  urea  clearance  =  33  per  cent,  of  the  average  normal. 


Allowance  for  Size.  Calculation  for  Children.  The  u 

clearance  naturally  varies  with  the  size  of  the  patient.  This 
is  related  to  the  surface  area  and  the  formula?  given  can  be 
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V  X  1  ‘73 

adapted  for  this  by  introducing  instead  of  V,  the  fraction - ^ - , 

where  A  is  the  surface  area  of  the  patient,  1*73  square  metres  being 
taken  as  the  average  surface  area  of  adults  so  that  the  fraction  once 
again  becomes  V  for  the  average  adult.  Thus  we  get 

Maximum  urea  clearance  =  ^  per  cent,  of  the  average  normal. 

3  B  A 


Standard  urea  clearance  =  1  -85 


U 

B 


7 


V  X  1*73 


per  cent,  of  the  average 
normal. 

It  is  not  usual  to  make  this  correction  for  ordinary  adults  but  for 
very  tall  or  small  ones  it  may  be  advisable,  and  for  children  the 
correction  shoidd  alwavs  be  made. 


A 


3e  2-15 


I6-17 


iS-20 


Height 

Metres 


I ‘72 
A 


Ht 

M 


—  0-9 
i-d  — L 

“1 5"  1-0 
••7-^L 


1-9  ■ 


-I- 1*1  ‘’S— I- 


<•6  — E 
:M-2 


=  «'7— ■ 

IS  — r  ^ 


Z-l-6 

i-a  -5  — 

=  5-a-6 

I., 

'0  ^^2.-5 


/•6- 


1-73 

A 


Ht 

M 


0-S 


1-9  — 


-0-9 


-  —  1-0 


1-8  —  : 


‘•7  — 


25 

(Adult) 


1-73 


Ht 


1  —  05 


1-9— _ 


0-9 


18  —  - 


■fo 
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—  ~iz  — 
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-  — 1-2. 
i-5~ 


i-s-- 


1*73 
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^1-3 
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McIntosh,  Moller  and  Van  Slyke  (1928)  devised  a  chart  from  which 
the  necessary  correction  could  be  read,  if  the  height  of  the  patient 
were  known.  This  is  given  in  Fig.  33. 

Urea  Clearance  after  giving  Urea.  It  has  been  claimed  that  more 
reliable  results  are  obtained  if  urea  is  given  before  the  clearance  test 
is  done  (see,  for  example,  Fowweather,  1934).  There  is  an  appre¬ 
ciable  rise  in  the  blood  urea  after  15  grams  of  urea  are  taken,  but  it 
is  held  that  the  blood  urea  is  sufficiently  level  during  the  second  and 
third  hours  after  giving  urea  for  reliable  results  to  be  obtained.  It 
is  argued  that  more  accurate  urine  specimens  can  be  collected  because 
of  the  diuretic  effect  of  the  urea  and  that  more  reliable  results  are 
obtained  with  higher  blood  urea  levels.  However,  by  giving  water 
before  the  test  a  reasonable  How  of  urine  ean  be  produced,  and  it 
seems  of  doubtful  value  to  introduce  a  possibly  varying  blood  urea 
level.  It  is  only  when  low  protein  diets  are  being  taken  (see  below) 
that  administration  of  urea  appears  to  give  appreciably  higher 
values  for  the  urea  clearance. 


INTERPRETATION 

There  is  quite  a  wide  range  for  the  urea  elearance  in  normal 
persons.  Thus  Van  Slyke  gave  ranges  of 

:^Iaximum  clearance  :  60  to  95  ml.  per  minute.  Average  75. 

Standard  clearance  (V  =  1).  40  to  65  ml.  per  minute.  Average  o4. 

The  most  commonly  used  dividing  line  between  normal  and  abnormal 
is  put  at  70  per  cent,  of  the  average  normal.  One  may  say  that  the 
normal  range  extends  roughly  over  100  ±  30  per  cent,  of  the  average 
normal.  The  values  obtained  fall  progressively  with  increasing 
renal  failure.  It  is  not  uncommon  to  get  values  down  about  5^ 
ner  cent,  whilst  the  blood  urea  is  within  normal  limits,  \\itl 
further  fall  in  the  clearance  the  blood  urea  is  found  to  be  raised.  There 
is  severe  renal  failure  when  the  clearance  falls  below  20  per  cent 
of  the  average  normal.  Below  5  per  cent,  uricmic  coma  is  present  or 

The  Phenolsulphonephthalein  Test 

The  kidneys  are  able  to  ^'''’oahese^thefxCTetim 

substances  when  these  _ j  as  a  test  o  efficiency. 

. . . 
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and  a  little  later,  after  ten  to  fifteen  minutes,  instruct  him  to  empty 
the  bladder.  Then  inject  intramuscularly  6  mg.  of  plienol  red 
dissolved  in  1  ml.  of  water.  Allow  ten  minutes  for  the  absorption 
of  the  dye  so  that  the  patient  next  empties  the  bladder  one  hour  and 
ten  minutes  after  the  injection  was  given  (Specimen  I).  Have  the 
bladder  emptied  again  a  further  hour  later  (Specimen  II).  Keep 
these  two  urine  specimens  separate  and  estimate  the  amount  of 
phenol  red  present  in  each. 

Estimation  of  the  Phenol  Red.  Add  10  per  cent,  sodium  hydroxide 
to  the  urine,  gradually,  until  the  maximum  colour  is  developed.  For 
the  standard,  measure  1  ml.  of  the  phenol  red  solution  used  for  the 
injection,  and  thus  containing  6  mg.  of  the  substance,  into  a  litre 
volumetric  flask,  add  10  per  cent,  sodium  hydroxide  as  before,  to 
develop  the  colour,  and  make  up  to  1  litre  with  water.  Depending 
on  the  amount  of  dye  in  the  urine,  dilute  to  250  ml.,  500  ml.  or  any 
appropriate  volume,  and  compare  with  the  standard.  It  is  then 
easy  to  calculate  how  much  phenol  red  was  present  in  the  urine 
specimen.  Thus  if  the  urine,  when  diluted  to  500  ml.,  exactly 
matched  the  standard,  the  urine  contained  3  mg.  of  phenol  red  and 
there  was  50  per  cent,  excretion  in  that  specimen.  Rather  greater 
accuracy  is  obtained  if  the  patient’s  urine  passed  before  beginning 
the  test  is  used  for  making  the  standard,  but  the  effect  on  the  accuracy 
is  not  great  compared  with  other  factors. 

INTERPRETATION 

The  normal  excretion  of  dye  after  such  an  injection  is 

40  to  60  per  cent,  in  the  first  hour, 

15  to  25  per  cent,  in  the  second  hour, 

giving  60  to  80  per  cent,  excretion  in  the  two-hour  period.  If 
intravenous  injection  is  used,  somewhat  larger  amounts  are  excreted. 
With  increasing  renal  impairment  progressively  smaller  amounts  are 
removed  from  the  blood.  The  excretion  of  the  dye  is  affected  by 
pre-renal  factors,  when  low  amounts  may  be  passed.  This  test  is 
not  as  reliable  or  sensitive  an  index  of  renal  impairment  as  the  con- 
centration  tests  and  is  little,  if  any,  more  sensitive  than  estimation 
of  the  blood  urea.  Nevertheless  it  has  the  advantage  of  being  a 
^  ery  simple  test  to  carry  out,  and  requires  very  little  equipment. 


Other  Blood  Determinations  in  Renal  Disease 

A  number  of  other  determinations  are  carried  out  in  renal  disease 
1  hese  are  considered  in  detail  in  other  chapters.  Here  reference 
will  be  made  only  to  their  use  in  renal  disease. 

Serum  Albumin  and  Globulin.  Serum  albumin  is  decreased  in  the 
earlier  stages  of  Ellis’s  Type  II  nephritis  (see  p.  134)  when  it  is  an 

subacute  state.  Serum  globulin  is  usually  within  the  normal ‘limiU 
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in  renal  disease,  but  a  small  increase  is  sometimes  seen  when  the 
albumin  is  much  reduced. 

Serum  Cholesterol.  This  is  much  increased  in  the  conditions  in 
which  serum  albumin  is  diminished,  that  is,  in  the  earlier  stages  of 
Type  II  nephritis  (see  p.  134)  and  in  those  cases  of  acute  nephritis 
which  pass  into  a  subacute  state.  Otherwise  serum  cholesterol  is 
normal,  or  nearly  so. 

Plasma  Alkali  Reserve.  This  may  be  determined  when  renal 
failure  is  becoming  marked.  It  is  progressively  reduced  as  uraemic 
coma  approaches  (see  pp.  135,  360). 

Serum  inorganic  phosphorus  is  markedly*  increased  in  the  later 
stages  of  renal  failure  (see  p.  135). 

Serum  calcium  is  decreased  in  cases  in  which  inorganic  phosphorus 
is  increased,  giving  rise  occasionally  to  symptoms  of  tetany  (see 
p.  297).  It  may  also  be  low  in  those  cases  in  which  the  serum 
albumin  is  much  reduced. 

Plasma  Chlorides.  The  plasma  chlorides  in  kidney  disease  are 
influenced  by  several  factors.  These  include  : 

1.  Impaired  filtration,  which  tends  to  increase  plasma  chloride. 

2.  When  tubular  damage  is  present  reabsorption  of  water  and 
chloride  is  impaired  so  that  a  polyuria  is  present  and  is  accompanied 
by  some  loss  of  sodium  chloride  which  may  in  some  cases  lead  to  a 
lowered  plasma  chloride  and  a  low  seru7n  sodium.  This  is  particularly 
important  in  the  later  stages  of  Ellis’s  type  II  nephritis  and  has  even 
occasionally  been  found  to  lead  to  a  state  of  affairs  similar  to  that 
found  in  the  crises  of  Addison’s  disease  (see  Thorn,  Kopf,  and  Clinton, 
1944). 

3.  Formation  or  evacuation  of  cedema  fluid.  Since  oedema  fluid 
contains  more  chloride  than  plasma  on  account  of  its  lower  protein 
content,  its  formation  tends  to  withdraw  chloride  from  the  plasma 
and  vice  versa. 

4.  Vomiting.  This  occurs  mostly  m  the  late  stages  of  renal  failure 
when  uriemic  coma  is  impending  or  present.  It  tends  to  reduce  the 
olasma  chloride. 


Other  Clearance  Tests 


Rece 
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siology  and  pathology  of  the  kidney.  Whilst  these  cannot  be 
regarded  as  routine  tests,  a  fact  which  must  be  emphasized  a,t  the 
outset,  it  is  felt  that  a  description  of  some  of  these  should  be  given. 

It  is  now  clear  that  the  urine  is  formed  by  filtration  at  the  glomeruli 
of  an  appreciable  proportion  of  the  plasma,  the  filtrate  formed 
containing  all  the  constituents  of  the  plasma  except  the  proteins  and 
the  lipids.  Subsequently,  during  its  passage  down  the  tubules, 
those  substances  which  the  body  needs  are  reabsorbed  leaving  mainly 
waste  products  and  surplus  amounts  of  those  constituents  which  are 
of  value  to  the  body.  Thus,  almost  all  the  water  and  glucose  are 
reabsorbed,  as  are  such  proportions  of  the  sodium,  chloride,  calcium, 
phosphates,  etc.,  needed  by  the  body  to  maintain  the  necessary  blood 
levels,  whilst  the  greater  part  of  such  waste  products  as  urea  escape 
in  the  urine. 

It  is  evident  that  there  are  three  possible  ways  in  which  a  substance 
may  be  dealt  with  by  the  kidneys.  These  are  : 

1.  Filtration  at  the  glomeruli  and  reabsorption  by  the  tubules. 
This  is  by  far  the  commonest  procedure. 

2.  Filtration  at  the  glomeruli  and  excretion  by  the  tubules. 

3.  Filtration  at  the  glomeruli  only,  there  being  neither  reabsorption 
nor  excretion  of  the  substance  during  the  passage  along  the  tubules. 

Attempts  were  made  to  find  a  substance  which  is  dealt  with  in  the 
third  way.  It  appears  that  several  such  substances  are  now  avail¬ 
able,  examples  being  inulin,  mannitol,  and  sodium  thiosulphate. 
The  importance  of  such  substances  lies  in  the  fact  that  their  clearance, 
defined  in  the  same  way  as  urea  elearance  (p.  118),  gives  a  measure 
of  the  glomerular  filtration  rate,  that  is,  of  the  number  of  ml.  of  plasma 
which  are  filtered  at  the  glomeruli  every  minute.  Thus,  for  example 

Glomerular  filtration  rate  (ml.  per  minute) 

=  Inulin  clearance 

_  mg.  inulin  per  100  ml.  urine 

“  mg.  inulin  per  100  ml.  blood  ^  f  ^ 

It  is  found  that  in  adults  the  average  normal  value  for  this  is  about 
125  ml.  per  minute,  which  is  very  nearly  70  ml.  for  every  square 
metre  of  body  surface.  The  range  has  been  given  as  110  to  152  for 
men,  and  102  to  132  for  women  (Goldring  and  Chasis,  1944). 

When  a  substance  is  reabsorbed  by  the  tubules  its  clearance  is  less 
than  the  muhn  clearance.  Thus  the  urea  clearance  averages  75  ml. 
when  V  is  2  ml.  or  more  per  minute,  showing  that  about  40  per  cent 
of  the  urea  IS  reabsorbed  by  the  tubules.  The  relation  of  these  two 
clearances,  muhn  and  maximum  urea,  is  in  fact  a  fairly  constant  one, 
formida  purposes  the  two  can  be  interconverted  by  the 

Inulin  elearance  x  0-6  =  Maximum  urea  clearance. 

Since  glucose  is  almost  completely  reabsorbed  bv  the  tubules  in 

tt  “  >e  " 

tow  on  ^rdrnary 
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Substances  which  are  excreted  by  the  tubules  as  well  as  filtered  at 
the  glomeruli  have  a  higher  clearance  than  inulin.  These  are 
mainly  foreign  substances  injected  into  the  blood,  such  as  phenol 
red,  diodrast,  p-aminohippurate,  the  tubular  exeretion  of  the  two 
latter  being  considerably  greater  than  that  of  the  former.  Use  has 
been  made  of  these  substances  in  two  ways  to  obtain  further  data 
concerning  the  mode  of  working  of  the  kidneys. 

In  the  first  place,  at  low  blood  levels,  usually  about  1  to  2  mg. 
per  100  ml.,  practically  the  whole  of  the  substance  may  be  removed 
in  a  single  passage  through  the  kidneys.  The  elearance  of  the 
substance  is  then  a  measure  of  the  effective  renal  plastna  flow,  that  is 
the  volume  of  plasma  passing  through  the  kidneys  per  minute. 
This  can  be  converted  into  the  effective  total  renal  blood  flow  if  a 
haematocrit  determination  is  made.  Diodrast  and  p-aminohippurate 
clearances  thus  determined  are  found  to  average  600  to  700  ml.  per 
minute  (560  to  800  for  men,  400  to  595  for  women)  so  that  the  total 
renal  blood  flow  is  something  like  1,100  ml.  per  minute. 

The  term  flltration  fraction  is  given  to  the  ratio  of  the  glomerular 
filtration  rate  per  minute  and  the  renal  plasma  flow  per  minute,  that 
is,  for  example,  to  the  ratio  of  the  inulin  to  the  diodrast  or  p-amino- 
hippurate  clearances.  This  gives  us  the  fr^tion  of  the  plasma 
passing  through  the  kidneys  whieh  is  filtered  through  the  glomerul  . 
Interesting  variations  in  this  have  been  found,  such  as  the  obsery  - 
tions  that  it  is  raised  in  hypertension  and  reduced  m 

In  the  second  place,  as  the  plasma  concentration  of  d  odrast  or 
u-aminohippurate  is  increased,  a  point  is  reached  above  which  the 
LSTs  ar^  no  longer  able  to  remove  almost  all  the  substance  present 
Ift"  through,  so  that  the  absolute  a— 

by  the  tubules  then  ceases  to  increase.  At  such  blood  levels 
therefore  possible  to  use  the  excretion  of  these  ^^'bstances  as 

measure  ot  the  mass  of  functioning  ‘“^nlar  tissue  A  value  for  th 

trmigf  38  to  ;  f<- 

Hgure  is  76  mg.  per  "'{"ote  (('oWr'ng  and  substances  such  as 

Studies  of  these  and  of  the  cle  increasing  consider- 

Lt,y'rrno"e"orttT4“  kidneys  both  in  health 

and  disease. 

Technique  of  the  Tests 
Since  substances  such  as  inulin,  mannhol. 

Suitable  amount  if  «.eir  clearances  are  to 
brdetermined.  This  has  been  done  m  t«o  nays. 
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1.  By  continiioiis  infusion  following  a  priming  dose.  Suitable 
amounts  of  the  substances  used  are  injected  intravenously  to  produce 
a  satisfactory  blood  level,  which  is  then  maintained  for  the  period  ot 
the  test  by  slow  continuous  infusion  of  a  further  solution. 

2.  Alternatively,  a  suitable  amount  may  be  inserted  into  the  loose 
tissue  in  the  axilla  from  whence  it  is  absorbed  slowly,  maintaining  a 
satisfactorv  blood  level  for  the  period  of  the  test. 

These  techniques  will  be  briefly  described  together  with  the 
estimation  of  inulin,  sodium  thiosulphate  and  ^j-aminohippurate. 
The  combination  of  inulin  for  glomerular  filtration  rate  and  ^-amino- 
hippurate  for  renal  blood  flow  is  the  most  satisfactory,  the  latter 
being  preferred  to  diodrast  on  account  of  the  greater  simplicity  of  its 
estimation,  which  can  be  done  by  the  methods  used  for  determining 
sulphonamides.  The  combination  of  thiosulphate  clearance  and 
p-aminohippurate  clearance  has  also  been  widely  used. 


Method  of  Infusion  (Goldring  and  Chasis,  1944  ;  Dick  and  Davies, 

1949) 


Solutions.  1.  Inulin.  A  sterile  10  per  cent,  pyrogen-free  solution 
is  convenient.  This  can  now'  be  obtained  from  Messrs.  Kerfoot, 
Bardsley  Vale  Works,  Lancashire.  Preparation  of  pyrogen-free 
inulin  is  described  by  Smith  et  al.  (1938).  The  technique  as  there 
described  is  not  easy  and  is  best  done  on  small  amounts  of  inulin — 
about  25  to  50  grams. 

2.  Sodium  ^^-aminohippurate  solution.  Tw^enty  per  cent,  is  used. 
Dissolve  20  grams  of  j;-aminohippuric  acid  in  N  sodium  hydroxide 
and  make  up  to  100  ml.  with  the  alkali.  Adjust  the  jjH  to  7-2, 
filter  through  a  Seitz  filter  and  sterilize  suitable  small  quantities  (10 
to  20  ml.)  in  the  autoclave. 

3.  Sodium  thiosulphate.  Sterile  10  per  cent,  solution.  Messrs. 
Boot’s  thiostab  can  be  used. 


4.  Normal  isotonic  physiological  saline. 

From  these  prepare  the  following  solutions. 

5.  Priming  Solution.  Thirty  ml.  of  10  per  cent,  inulin  (or  18  ml. 
of  10  per  cent,  thiosulphate)  -f  4  ml.  of  20  per  cent,  ^^-aminohippurate. 
Mix,  and  boil  for  five  minutes. 

6.  Maintenance  Solution.  Measure  70  ml.  of  10  per  cent,  inulin, 
or  54  ml.  of  10  per  cent,  thiosulphate,  and  20  ml.  of  20  ijer  cent’ 
p-aminohippurate  into  a  suitable  flask,  and  make  up  to  500  ml.  with 
normal  saline  and  boil  for  live  minutes. 

(five  smaller  volumes  to  patients  with  impaired  renal  function 
roughly  in  proportion  to  the  extent  of  this  impairment  as  shown  bv 
the  urea  elearance. 

A  o<c.  If  the  substances  are  to  be  given  into  the  axilla,  add  10  ml. 
ot  -0  per  cent,  p-ammohippurate  to  50  to  75  ml.  of  a  10  per  cent 
solution  of  mu  in.  Since  this  solution  is  hypertonic,  it  ii  jLii^l 
Add  1  ml  ot  10  per  cent,  metycaine.  (Procaine  is  noi  used,  since  ib 
s  estimated  along  wuth  the  i^-aminohippurate.)  Leave  one  hour 
after  injecting  before  eollecting  speeiinens.  This  technique  gives  a 
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slowly  falling  plasma  level.  Collect  the  blood  specimens  at  the  mid¬ 
point  of  the  periods  of  urine  collections. 

Technique  of  the  Test.  Give  ample  fluids,  up  to  2  pints  of  water, 
during  the  hour  before  starting  the  test.  The  patient  does  not  need 
to  fast.  Pass  a  catheter,  and  allow  the  bladder  to  drain  continuously. 
Insert  a  needle  into  the  antecubital  vein,  and  take  a  specimen  of  blood 
for  use  as  a  blank.  Use  some  of  the  urine  passed  before  starting  the 
infusion  for  the  same  purpose.  Then  introduce  the  priming  solution, 
taking  a  few  minutes  to  do  so,  and  follow  this  by  the  maintenance 
solution  given  at  the  rate  of  about  4  ml.  per  minute.  After  about 
half  an  hour  begin  collection  of  urine,  taking  three  specimens  over 
accurately  timed  intervals  of  about  twenty  minutes  each.  Withdraw 
blood  samples  at  the  beginning  and  end  of  each  period  (or  alter¬ 
natively  halfway  through).  At  the  end  of  each  collection  period, 
inject  20  ml.  of  saline  and  20  ml.  of  air  into  the  bladder  in  order  to 
wash  out  all  the  urine  there.  Include  the  washing  in  the  specimen. 
If  injection  into  the  axilla  is  used,  collect  specimens  over  similar 
periods  of  time. 


Determination  of  Plasma  and  Urine  Inulin  (see  Bacon  and  Bell,  1948) 

Methods  have  used  the  red  colour  which  inulin,  on  hydrolysis, 
sixes  with  resorcinol,  or  the  blue  colour  given  with  diphenylamme. 
It  is  usually  considered  advisable  to  remove  glucose  by  fermentation 
with  yeast  if  the  diphenylamine  method  is  used.  This  is  not  necessary 
with  resorcinol  which  is  employed  in  the  method  descnbed. 

Reagents.  1.  Acid  cadmium  sulphate  solution.  Dissolve 
grams  of  cadmium  sulphate  (CdSO„  SH^O)  in  84-55  ml.  of  N  sulphuric 
acid,  and  make  up  to  500  ml. 

Resordnol‘’o°15'Vr^nt.  in  absolute  alcohol.  Use  as  pure 

■■'rcllentrated  hydrochloric  acid  containing  7-5  mg.  of  ferric 
chloride  per  litre.  The  ferric  chloride  stabilizes  the  colour  produced 

.5'’ Stan”aTd"sSon  of  inulin.  Prepare  a  stock  standard  con- 
.  •  ln„ Too  mn  inulin  per  100  ml.  From  this  prepare  a  standard 
foi  usf  b^diluting  2  mh  to  100  ml.  to  obtain  a  solution  containing 

^  'to  precipitate  the  proteins  add  1  ml.  of  pla-snaa  to 

5  ml.  of  XL^N^otm  h^de"^  well,  stai;d  for 

mix,  and  add  1  ml.  ot  1  Measure  2  ml.  of  the  filtrate 

a  few  minutes,  and  centri  uge  ^  resorcinol  reagent,  mix,  and 

into  a  stoppered  test  add  Mix  well,  and 

add  3  ml.  of  concentrated  hydrodflo  niinutes. 

])lace  in  a  water  bath  at  8  .  2  ml  of  the  weak  standard. 

At  the  same  time  np  ^  standc  way  as  the 

and  a  blank  using  2  ml.  •  .  remove  from  the  bath,  cool,  and 

*r::d  in'^l  Xln^etcfw^hin  twenty  minutes  after  removing  from 
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the  bath.  With  the  photoelectric  colorimeter,  use  a  blue  filter,  or 
transmission  at  480  millimicrons. 

Calculation.  Since  2  ml.  of  standard  contain  0-04  mg.  of  mulm, 
and  2  ml.  of  filtrate  are  equivalent  to  0’2  ml.  of  plasma. 

Mg.  inulin  per  100  ml.  of  plasma 

_  Reading  of  unknown  ^  ^  ^  1^ 

Reading  of  standard  0-2 

Reading  of  unknown  ^ 

~  Reading  of  standard 

A  standard  curve  can  be  prepared  using  a  standard  containing  5  mg. 
per  100  ml.  obtained  by  diluting  5  ml.  of  the  stock  solution  to  100  ml. 


Mg.  inulin  per  100  ml.  plasma 

0 

10 

20 

30 

40 

50 

MI.  standard  (5  mg.  per  100  ml.)  . 

0 

0-4 

0-8 

1-2 

1-6 

20 

Ml.  distilled  water 

2  0 

1-6 

1-2 

0-8 

0  4 

0 

Add  3  ml.  resorcinol  and  3  ml.  hydrochloric  acid  and  proceed  as  described  above. 


A  standard  corresponding  to  20  or  30  mg.  inulin  per  100  ml.  is 
satisfactory  for  the  visual  colorimeter. 

The  usual  level  for  plasma  inulin  found  during  the  test  is  between 
20  and  30  mg.  per  100  ml. 

Urine.  It  is  necessary  to  dilute  the  urine.  In  most  cases  a 
dilution  of  1  in  100  is  satisfactory,  but  it  is  sometimes  advisable  to 
put  up  two  determinations,  one  using  2  ml.  of  the  diluted  urine  and 
the  other  1  ml.  of  diluted  urine  and  1  ml.  of  water.  The  procedure 
is  then  exactly  as  described  for  plasma. 

Note.  The  Somogyi  precipitation  of  proteins  using  zinc  sulphate 
and  sodium  hydroxide  can  be  used  for  the  plasma  inulin  if  desired. 


Determination  of  Plasma  and  Urine  Sodium  Thiosulphate  (Newman 
ei  al.,  1946  ;  Dick  and  Davies,  1949) 

Plasma.  Thiosulphate  is  oxidized  by  iodate  to  sulphate.  Iodine 
IS  liberated  from  the  remaining  iodate  by  adding  iodide,  and  is 
titrated  by  thiosulphate.  One  ml.  of  N/lOO  thiosulphate  then  equals 

8  ml.  of  N/lOO  iodate  (for  full  account  of  the  reactions  see  Newman 
et  al.). 

Reagents.  1.  Sodium  tungstate,  1/3  N  solution. 

2.  Sulphuric  acid,  2/3  N. 

r3.  N/lOO  potassium  iodate.  Dissolve  0-3567  grams  of  KIO,  in 
^ater  and  make  up  to  1  litre.  ^ 

4.  Hydrochloric  acid,  2  N. 

6*  v'/mo solution  freshly  made. 

7  thiosulphate.  Prepare  freshly  from  stock  N/10. 

7.  Starch,  1  per  cent,  solution. 
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iodate  and  2  ml.  of  2  N  hydrochloric  acid.  Stand  for  at  least  five 
minutes.  Add  2  ml.  of  10  per  cent,  potassium  iodide  and  titrate  the 
liberated  iodine  immediately  with  N/lOO  thiosulphate,  using  a  suitable 
microburette. 

Carry  out  a  standard  titration  using  water  instead  of  filtrate  and 
put  up  a  complete  blank  on  blood  taken  before  the  infusion  was  given. 

Calculation.  Mg.  thiosulphate  per  100  ml.  plasma 

=  (Titration  of  standard  —  titration  of  unknown) 

1-58  _ 1^ _  100  X  10 

^  8  ^  Titration  of  standard  ^  Ml.  filtrate  used 


The  standard  should  require  10  ml.  and  10  ml.  filtrate  are  used, 
though  larger  volumes  can  be  employed,  so  that 
Mg.  thiosulphate  per  100  ml.  plasma 

=  (Titration  of  standard  —  titration  of  unknown)  X  19-75 
Subtract  the  result  of  the  blank  from  that  of  the  test. 


Urine.  Iodate  and  iodide  are  added  so  that  an  excess  of  iodine 
is  liberated.  Some  reacts  with  the  thiosulphate  and  the  remainder 
is  titrated  with  further  thiosulphate. 

Additional  Reagent.  Normal  sodium  hydroxide. 

Technique.  Take  5  or  10  ml.  of  urine  and  make  alkaline  to 
phenolphthalein  with  a  few  drops  of  N  sodium  hydroxide.  Add  25 
ml  of  N/lOO  iodate,  then  2  ml.  of  potassium  iodide  and  2  ml.  ot 
hydrochloric  acid.  Titrate  immediately  with  N/lOO  thiosulphate. 
Titrate  25  ml.  N/lOO  iodate  similarly  as  standard. 

Calculation.  Mg.  thiosulphate  per  100  ml.  urine 

=  (Titration  of  standard  —  titration  of  unknown)  X  1-58 

25  100 _ . 

^  Titration  of  standard  Ml.  urine  used 


Note.  For  a  method  using  direct  titration  with  iodine  see  Brun 
(1950). 


Determination  of  p-aminohippuric  Acid  ■  i  •  a 

“fflcation^ot  the  method  for  sulphona.mdes  .s  used. 
L^gents.  1.  Aeid  cadmium  sulphate.  As  for  muhn,  p.  128. 

2.  Sodium  hydroxide,  1-1  N. 

nir"sX(a%e,  0;5  per  ^e 

freshly  every  fortnight  by  jje^aeid  containing  20  mg- 

peI^Oo“1  UiluteT'to“l(l0  ml.  for  use,  to  give  a  solution  containing 

"Ve&!“%iml.ot  — 

add  8  ml.  of  acid  cadmium  sulphate,  followed  uy 
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hydroxide.  Stand  a  few  minutes,  and  centrifuge  or  filter.  To  10  ml. 
of  filtrate  add  2  ml.  of  1-2  N  hydrochloric  acid,  and  1  ml.  of  0-1  per 
cent,  sodium  nitrite.  Shake  well.  Stand  for  five  minutes  and  add 
1  ml.  of  ammonium  sulphamate.  Stand  a  further  tliree  minutes, 
and  add  1  ml.  of  the  N-(  1-naphthyl)  ethylenediamine  dihydrochloride. 
Mix  well,  stand  for  ten  minutes  and  read  in  the  colorimeter.  As 
standard  use  4  ml.  of  the  weak  standard  solution  plus  6  ml.  of  water 
and  treat  in  the  same  way  as  the  unknown.  With  the  photoelectric 
colorimeter  use  a  green  filter  or  transmission  at  520  millimicrons. 

Calculation.  Since  the  standard  contains  0-008  mg.  of  j5-amino- 
hippuric  acid,  and  10  ml.  filtrate  is  equal  to  10/15  ml.  of  plasma. 

Mg.  p-aminohippuric  acid  per  100  ml. 


Reading  of  unknown 
Reading  of  standard 
Reading  of  unknown 
Reading  of  standard 


X  0-008 


X  1-2. 


15 

^  To 


X  100 


A  suitable  standard  curve  can  be  prepared  as  follows 


Mg.  p-aminohippuric  acid  per  100 

ml.  plasma  .  .  .  .0  0-6  1-2  1-8  2-4  3  0 

Ml.  0-2  mg.  per  100  ml.  standard  .  0  2  4  6  8  10 

Ml.  distilled  water  ...  10  8  6  4  2  0 

Develop  the  colour  as  described  for  the  test. 


Urine.  Dilute  so  as  to  bring  the  colour  within  the  above  range 
when  10  ml.  of  diluted  urine  is  used.  A  dilution  of  1  in  100  is  usuallv 
satisfactory. 

CONGO  RED  TEST  FOR  AMYLOID  DISEASE 

In  a  number  of  conditions  a  substance  known  as  amyloid  is  deno- 
certain  tissues.  Little  is  known  of  its  composition  but  it  is 
held  to  be  protein  m  nature.  Liver,  kidney,  and  spleen  are  the 

foTconaorlff Amyloid  has  a  particular  affinity 
tor  Congo  red  so  that  if  this  is  given  intravenously  in  amyloid  disease 

It  IS  quickly  taken  up.  Otherwise  it  is  slowly  absorbed  by  the 
reticuloendothelial  system.  This  property  has  been  made  the  basis 
of  a  test  for  the  presence  of  amyloidosis. 

2."AcTtone.^‘  ^ 

specimens  to  clot  and  separate^th^sTri^^^ 

directly  in  the  colorimeter  nr  m,v  Either  compare  the  sera 

centrifuge,  and  compare  the  supernatint  flS?, 

Tins  latter  procedure  must  be  used  if  there  is  any  hi^LT/sTs™'!”,: 


K2 
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photoelectric  colorimeter  may  be  used,  with  a  green  filter  or  trans¬ 
mission  at  520  millimicrons. 

Calculation.  The  result  is  expressed  as  the  percentage  of  the 
amount  of  dye  present  in  the  four-minute  specimen  still  remaining 
in  the  sixty-minute  one.  Thus  for  the  ])hotoelectric  colorimeter 
Percentage  of  congo  red  remaining  after  sixty  minutes 

Reading  of  sixty-minute  specimen  ^ 

~  Reading  of  four-minute  specimen 


INTERPRETATION 

In  normal  persons  at  least  60  per  cent,  of  the  dye  present  m  the 
four-minute  specimen  should  remain  sixty  minutes  later.  In 
amyloid  disease  all  or  almost  all  the  dye  is  removed.  Amyloidosis 
is  ])robable  if  less  than  40  per  cent,  of  dye  remains,  almost  certain  it 
less  than  10  per  cent,  is  found.  In  nephrosis  where  there  is  heavy 
albuminuria  some  congo  red  may  be  lost  in  the  urine.  In  such  cases 
urine  should  be  collected  at  the  end  of  the  test  and  examined  for  the 
amount  of  congo  red  present.  In  other  cases  little  or  none  is  lost  m 


the  urine.  .  /•  i  j 

Occurring  mainly  in  chronic  suppurative  diseases  of  long  duration, 

amyloidosis  is  seen  mainly  in  chronic  tuberculosis  at 

fsee  Lipstein,  1938).  It  has  been  found  m  syphilis  and  m  Hodgk. 

disease!^  Deposits  in  the  kidney  lead  to  the  development  of  amyloid 

nephrosis. 


CHEMICAL  FINDINGS  IN  RENAL  DISEASE 
Here  we  shall  gather  together  the  chemical  findings  so  that  we  can 
see  the  composite  chemical  picture  .1^  .  "of 

different  types  and  .  ,ee  also  Hadlield  and 

oretflHddr  i^tlde  in  'IVpe  I  and  insidious  in  Type  H.  Type  I 
corresponds  to  acute  glomerulonephritis. 

Acute  ™  usually  follows 

so“‘,X::«.ari.rfert^^^^^^  and  ha;  its  highest  incidence  in  the  first 

‘"uilrr  di':?ase  is  advancing  =  .^S^rM 

offguria— down  ''nroduL  this.  These  include  the  mdcma 

improvement.  almost  every  case.  It  may  be  marked 

for"TvX  or -eks’;  ’  Mtoscopiealfy  it  may  be  verc-  prolonged. 


13.3 
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Albuminuria  is  present  but  is  not  usually  more  than  moderate  in 
amount,  at  least  in  the  acute  phase. 

The  specific  gravity  of  the  urine  varies  widely,  according  to  the 
amount  of  renal  damage.  If  renal  function  remains  normal  the 
specific  gravity  may  be  high  because  of  the  low  urine  volume.  In 
such  urines  the  concentration  of  urea  is  also  high.  Both  the  specific 
gravity  of  the  urine  and  the  urine  urea  concentration  fall  as  the 
concentrating  power  of  the  kidneys  falls. 

Renal  function  and  blood  urea  may  vary  considerably  and  are  not 
necessarily  related  to  each  other,  since  the  blood  urea  is  influenced 
by  both  renal  and  pre-renal  factors.  The  oliguria  may  be  sufficient, 
despite  the  high  concentration  of  urea  in  the  urine,  to  lead  to  appre¬ 
ciable  nitrogen  retention.  Any  renal  failure  which  is  present  will 
also  tend  to  cause  a  rise  in  blood  urea.  When  these  effects  are 
combined,  some  very  high  values  for  blood  urea  can  be  found.  The 
pre-renal  is  often  the  more  important  factor  in  causing  these  high 
blood  ureas.  The  height  of  the  blood  urea  is  thus  not  simply  an 
index  of  the  renal  failure.  Quite  high  values  are  not  incompatible 
with  complete  recovery.  In  a  series  of  160  cases  Ellis  found  a  blood 
urea  over  50  mg.  per  100  ml.  in  58  (36  per  cent.),  and  one  over  100  mg. 
per  100  ml.  in  31  (20  per  cent.),  with  the  highest  value  376.  Never¬ 
theless,  he  only  found  impaired  concentration  tests  in  15  per  cent, 
of  his  cases. 


In  the  great  majority  of  cases  the  plasma  proteins  are  within  normal 
limits,  the  loss  of  albumin  not  being  great  enough  to  affect  the  plasma 
level  appreciably.  Plasma  cholesterol  is  also  either  within  normal 
limits  or  but  slightly  raised.  The  few  per  cent,  of  cases  which  pass 
into  a  subacute  condition  may,  however,  have  quite  a  low  serum 
albumin  and  a  much  increased  cholesterol. 

Whilst  recovery  is  the  rule  (over  80  per  cent.),  a  few  die  in  the 
acute  phase  ;  a  few  pass  into  a  subacute  stage  in  which  they  die 
usual  y  in  a  matter  of  months  ;  and  the  remainder  make  an  almost 
complete  recovery  with  only  slight  residual  symptoms,  which  pass 
Ultimately  into  a  chronic  glomerulonephritis,  from  which  thev  may 
me  many  years  later,  with  a  chemical  picture  similar  to  that  ni  the 

sW  m  passing  into  the  subacute  stage 

show  many  similarities  as  regards  the  chemical  picture,  to  patients 
m  some  stages  of  Type  II  nephritis,  having  considerabie  aibumi  io  s 

m  the  urine,  iow  piasma  proteins,  high  biood  choiesteroi  and  a 
moderate  degree  of  renai  faiiure.  onoiesteroi  and  a 


Type  II  Nephritis 

inidlllp  ‘^^^^^cterized  by  an  insidious  onset  and  is  commoner  in  the 
iniddle  age  groups,  particularly  between  twentv  t  4 

ultimately  fatal  issue  is  the  rule  Threarliest  LbL 
to  be  a  massive  ioss  of  aibumin  in  the  urine  prLumaSrdim 
changes  in  glomerular  permeability.  The  ratio  of^  alh  ® 

at" tfiZ'.' 

Ch,™e„ri,.i.  of  tho  fiorttoEot  this"  tiS 
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clinically.  This  stage  of  Type  II  nephritis,  whieh  appears  to  be 
identical  with  the  condition  long  known  as  nephrosis,  gives  a 
characteristic  group  of  chemical  findings.  This,  however,  is  con¬ 
sidered  by  some  to  be  a  distinct  disease,  particularly  in  children. 

The  urine  volume  tends  to  be  low  during  the  development  of  the 
cedema.  Hcematuria  is  rare,  but  there  is  a  large  amount  of  albumin 
in  the  urine.  The  urine  specific  gravity  is  normal,  or  raised  by  the 
pre-renal  deviation  of  water.  At  this  stage  renal  function  is  normal, 
the  blood  urea  is  within  normal  limits,  and  concentration  tests  are 
normal.  The  most  characteristic  blood  changes  are  the  marked  fall 
in  plasma  albumin  and  the  large  increase  in  plasma  cholesterol 
Oedema  is  likely  to  develop  with  a  plasma  albumin  below  2-5  per  cent, 
or  a  total  plasma  protein  below  5-0  per  cent.,  but  these  figures  are 
only  approximate  since  other  factors  play  a  part.  The  albumin  can 
fall  well  below  2*5  per  cent.,  and  the  author  has  seen  a  case  in  which 
it  was  just  under  1  per  cent.  The  cholesterol,  commonly  found  to 
be  between  400  and  700  mg.  per  100  ml.,  may  even  reach  and  exceed 
1,000.  The  fall  in  protein  leads  to  a  reduced  serum  calciu?n  but  this 
is  not  significant  since  it  does  not  affect  the  physiologically  active 
calcium  (see  p.  207).  Strict  correlation  does  not  occur. 

Whilst  the  above  findings  are  obtained  in  the  earlier  stages  of  the 
disease,  a  renal  insufficiency  gradually  becomes  added.  With  the 
oedema  still  present  a  moderate  rise  in  blood  urea  develops,  usually 
to  between  40  and  100  mg.  per  100  ml.,  with  a  moderate  fall  m  urea 
clearance.  Plasma  albumin  remains  low  and  cholesterol  high, 
though  not  on  an  average  as  high  as  m  the  earlier  stages.  Death 
from  intercurrent  disease,  especially  pneumonia,  is  fairly  common 
during  this  stage.  The  condition  corresponds  to  the  chronic  hydrsemic 

nenbritis  of  older  classifications.  _  .  , 

If  the  patient  does  not  die  in  the  above  stage,  the  increasing  renal 

failure  wRh  progressive  atrophy  of  nephrons  finally  cuts  down  the 

loss  of  protein  in  the  urine  sufficiently  to  permit 

to  he  built  UD  again,  so  that  the  oedema  disappears,  the 
^  hint  nflsses  into  Estate  of  chronic  glomerulonephritis  leading  with 
fnteasi^  ren  The  chemical  findmgs  are 

sSr  to  those  obtained  in  the  terminal  “tn 

diseases  involving  the  kidneys  o/prfgnancy: 

azotaemic  nephritis.  jc+jrm  arp  as  follows.  As  regards 

The  typical  features  of  the  an  inerlased 

the  urine  volume  there  is  ,  ti,e  region  of  1-010. 

volume  of  urine,  with  a  specific  S™  ^  _  jj  amount,  sometimes 

Albumin,  though  present,  is  present.  The  blood  urea 

being  almost  barely  detectable.  Casts  are  presen 

infreased,  and  whilst  somewhat  compensa  ed  ^ 


IS 


kVwhich  blood  urea  J^^if  uftiSthSHs^'a;™^^^^^^^^ 

at  about  100  to  120  mg.  per  100  ml.,  ultimately 
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rise  to  the  range  400  to  700  mg.  per  100  ml.,  when  uraemic  coma  is 
present.  Urea  dearance  is  much  reduced  and  falls  finally  to  below 
5  per  cent,  of  the  average  normal  as  uraemic  coma  develops. 

There  is  an  increasing  tendency  towards  an  acidosis.  This  is 
usually  held  to  be  caused  by  the  neutralization  of  plasma  bicarbonate 
by  sulphuric  acid  and  phosphoric  acid  resulting  from  protein  meta¬ 
bolism.  The  failure  of  ammonia  production  by  the  kidneys  as  a 
means  of  removing  acid  substances  is  also  contributory.  There  is 
accordingly  a  fall  in  plasma  alkali  reserve,  so  that  in  uraemic  coma 
values  as  low  as  those  in  diabetic  coma  are  reached,  that  is,  down 
towards  and  under  10  volumes  of  carbon  dioxide  per  100  ml.  of 
plasma. 

Also  as  in  diabetic  coma  there  may  be  some  dehydration  as  a  result 
of  the  polyuria,  and  of  the  vomiting  which  frequently  occurs  in 
uraemia  and  which  mainly  removes  sodium  chloride,  though  some¬ 
times  hydrochloric  acid  may  also  be  lost  and  thus  partially  counteract 
the  tendency  towards  acidosis. 

The  increase  in  phosphates  referred  to  above,  is  shown  by  the  rise 
in  the  plasma  inorganic  phosphorus  which  commonly  ranges  from 
5  to  15  mg.  per  100  ml.,  occasionally  reaching  and  exceeding  20  mg. 
per  cent.  This  appears  to  lead  to  the  diminished  serum  calcium  also 
found,  which  in  uraemic  coma  may  be  as  low  as  6  0  mg.  per  100  ml. 
As  a  result  symptoms  of  tetany  may  be  observed,  though  the  acidosis 
has  a  counteracting  effect.  Very  occasionally  the  symptoms  of 
tetany  are  among  the  most  prominent  clinical  features  of  impending 
uraemic  coma. 

Plasma  proteins  are  within  normal  limits  or  the  albumin  is  slightly 
diminished,  whilst  the  plasma  cholesterol  is  either  within  normal 
limits  or  is  but  slightly  increased.  In  actual  uraemic  coma,  cholesterol 
may  even  be  subnormal. 

Chlorides  are  variable,  but  in  the  majority  of  cases,  as  uraemic  coma 
approaches  the  plasma  chlorides  are  reduced  as  a  result  of  the 
polyuria,  the  vomiting,  and  the  frequently  reduced  intake  of  salt 
which  more  than  counterbalance  the  effect  of  any  retention  of 
chloride. 


Benign  Hypertension.  It  may  be  added  that  in  benign  hyper¬ 
tension,  m  contrast  to  malignant  hypertension,  renal  function  is 
^most  always  normal  with  blood  urea  within  normal  limits  or  not 

normal  ran  * ^  increased,  and  urea  clearance  also  within  the 
r3<n^c« 
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CHAPTER  X 


NON-PROTEIN  NITROGEN 

The  term  non-protein  nitrogen  in  blood  used  to  include  the 
nitrogen  from  all  nitrogenous  substances  other  than  protein,  in 
urine  not  containing  protein,  it  is  equal  to  the  total  nitrogen.  Urea 
is  the  most  important  of  the  substances  which  rnake  up  the  non- 
iirotein  nitrogen,  others  being  uric  acid,  creatinine  and  creatine, 
amino  acids,  ammonia,  and  a  small  amount  of  residual  or  unde  er- 
mined  nitrogen,  possibly  including  some  peptides.  Aon-protem 
nitrogen  is  usually  determined  by  a  micro-Kjeldahl  method  alter 
precipitating  the  proteins,  nesslerization  or  aeration  being  used  to 
estimate  the  amount  of  ammonia  formed. 


Determination  of  Blood  Non-protein  Nitrogen 

I.  Kjeldahl  Nesslerization  Method 

Reagents.  1.  Sodium  tungstate,  10  per  cent,  solution. 

2.  Sulphuric  acid,  2/3  N  solution. 

3.  Sulphuric  acid  digestion  mixture.  Fifty  per  cent,  (v/v), 
suljdiuric  acid  in  water  containing  1  gram  of  selenium  dioxide  per 
100  ml. 

4.  Nessler’s  reagent.  Prepare  as  for  determination  of  blood  urea 
(p.  104). 

5.  Standard  ammonium  sulphate  solution.  Prepare  a  solution 
containing  0-1414  grams  per  100  ml.  Dilute  1  in  10  for  use.  This 
solution  contains  0-03  mg.  nitrogen  per  ml. 

Technique.  Prepare  the  Folin  Wu  filtrate  in  the  usual  way  and 
pipette  1  ml.  of  the  filtrate  into  a  Pyrex  test  tube  (6x1  inch)  and 
add  0-2  ml.  of  the  sulphuric  acid  digestion  mixture.  Heat  very 
carefully  over  a  small  flame  or  micro-burner  until  the  brown  colour 
clears  and  the  mixture  becomes  colourless.  Continue  heating  care¬ 
fully  with  a  very  small  flame  for  a  further  five  to  ten  minutes,  cool, 
and  transfer  to  a  10  ml.  stoppered  glass  cylinder,  making  up  to  a 
volume  of  about  6  ml.  Add  3  ml.  of  Nessler’s  reagent,  mix,  make 
to  the  mark,  and  again  mix.  Put  up  a  standard  at  the  same  time 
using  1  inl.  of  the  standard  ammonium  sulphate,  make  to  about 
0  ml.  with  water,  add  3  ml.  of  Nessler’s  reagent  and  make  to  the 
mark  as  before.  Compare  in  the  colorimeter.  With  the  photoelectric 
colorimeter  use  a  blue  filter  or  set  at  480  millimierons. 

Calculation.  For  the  photoelectric  colorimeter,  since  the  volume 
of  filtrate  is  equivalent  to  0-1  ml.  blood,  and  the  standard  contains 
0-03  mg.  nitrogen. 

Mg.  non-protein  nitrogen  per  100  ml.  blood 
_  Reading  of  unknown  100 

Reading  of  standard  ^  0-1  ^ 

Reading  of  unknown  \ 

=  - - - - -  V  ‘-lo  \ 

Reading  of  standard 
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A  standard  curve  should  be  prepared  as  follows  : 


Mg.  non-protein  nitrogen  per  100  ml.  blood  0  15  30  60  90  120  180 

Ml.  ammonium  sulphate  standard  (1  ml.  = 

0  03  mg.  N) .  0  0-5  1  0  2  0  3  0  4  0  6  0 

Treat  as  described  for  the  standard  above. 


Put  through  a  complete  blank  using  water  instead  of  blood.  If  this 
does  not  agree  with  the  zero  reading  of  the  curve  a  correction  for  this 
should  be  made. 

The  remarks  made  concerning  the  possible  non-applicability  of 
Beer’s  law  by  this  colour  when  discussing  blood  urea  (p.  105)  apply 
here  so  that  a  standard  curve  should  always  be  prepared  to  check 
this  point.  For  the  visual  colorimeter  a  standard  near  to  the 
unknown  should  be  used. 

Notes.  1.  If  it  is  desired  to  use  blood  direct  from  a  finger,  place 
0-2  ml.  into  1-4  ml.  water,  add  0-2  ml.  of  10  per  cent,  sodium  tungstate 
and  0-2  ml.  2/3  N  sulphuric  acid.  Centrifuge.  Take  1  ml.  of  the 
supernatant  fluid. 

2.  The  digestion  must  be  carried  out  very  carefully  or  serious 
errors  may  arise.  Overheating  must  be  avoided.  After  the  bro^Mi 
colour  has  cleared  continue  heating  for  about  twice  as  long  as  was 
required  for  this  to  occur.  The  amount  of  heat  used  should  be  such 
that  a  clear  colourless  liquid  remains  at  the  end  ;  heat  sufficient  to 

produce  a  solid  residue  should  not  be  used. 

3.  Trichloracetic  acid  can  be  used  to  precipitate  the  proteins. 
Take  1  ml.  of  blood,  add  4  ml.  of  water  and  5  ml.  of  10  per  cent, 
trichloracetic  acid.  Mix  well  and  filter.  Take  1  ml.  and  proceed  as 

above. 

II.  Aeration  Method 

The  mixture  after  digestion  can  be  washed  into  a  cylinder  similar 

to  those  used  for  the  aeration  method  for  ^ 

A  marked  excess  of  sodium  hydroxide  is  added  and  the  ammonia 

aerated  over  into  N/lOO  acid  as  there  described.  If  aeration  is  used 

cu  hf*  diffested  A  trichloracetic  acid  filtrate  is 

more  filtrate  n  ust  be  d.gestea 

irmfol  0  pt  Lnt  tdddoracetic  acid,  mix  well  filter,  pipette  ott 
n  ml  of  filtoSe  (=  1  ml.  blood),  add  1  ml.  of  d.gest.on  mixture, 

Si.  MS 

“ca'ic2Son%“e  ml.  N/lOO  snlpburic  acid  =  (.  U  mg.  nitrogen. 

So  Mg.  non-protein  nitrogen  per  100  ml. 

=  fritratlon  of  blank  -  titration  of  unknown)  X  0-U  x  10,1 
=  (Titrat'®'’  “  titration  of  unknown)  X  . 
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INTERPRETATION 

The  normal  range  for  blood  non-protein  nitrogen  is  from  25  to 
40  mg.  per  100  ml.,  with  very  occasional  values  up  to  about  45. 
For  plasma  the  range  is  lower,  from  about  20  to  30  mg.  per  100  ml. 
Urea  nitrogen  forms  almost  half  the  non-protein  nitrogen  of  whole 
blood.  A  typical  division  is  48  per  cent,  urea  nitrogen,  14  per  cent, 
amino-acid  nitrogen,  4  per  cent,  creatine  nitrogen,  1  per  cent,  creatinine 
nitrogen,  2-5  per  cent,  uric  acid  nitrogen  and  30  per  cent,  residual 
nitrogen.  The  residual  nitrogen,  mainly  glutathione  and  nucleotide 
nitrogen,  is  almost  entirely  in  tlie  cells.  The  amount  of  ammonia 
in  blood  is  negligible. 

Variations  in  blood  non-protein  nitrogen  mainly  reflect  alterations 
in  blood  urea.  Accordingly  it  is  raised  in  those  conditions  in  wdiich 
blood  urea  is  raised.  As  blood  urea  rises  the  urea  nitrogen  forms  an 
increasing  percentage  of  the  non-protein  nitrogen,  so  that  in  uraemic 
coma  wdth  the  blood  urea  at  500  mg.  per  100  ml.,  it  forms  about 
90  per  cent.  In  most  cases  determination  of  non-protein  nitrogen 
gives  the  same  information  as  blood  urea,  but  is  less  convenient  to  do. 
Most  workers  prefer  to  use  the  blood  urea. 

In  very  severe  liver  disease,  since  there  is  a  tendency  for  the  blood 
urea  to  be  low,  and  for  the  amino  acid  content  of  the  blood  to  be 
increased,  the  urea  may  form  a  smaller  proportion  of  the  non¬ 
protein  nitrogen. 

Determination  of  Urinary  Total  Nitrogen 

Use  of  nesslerization  of  the  Kjeldahl  digest  is  not  so  satisfactory 
for  urine,  so  that  a  Kjeldahl  distillation  method  is  most  often  used. 
The  Kjeldahl  aeration  method  has  also  been  employed,  and  may  be 
more  convenient  for  some  laboratories.  This  and  the  micro  and 
macro  Kjeldahl  distillation  methods  will  be  described. 


1.  Kjeldahl  Aeration  Method 

Reagents.  1.  Concentrated  sulphuric  acid. 

2.  Potassium  sulphate. 

3.  N/lOO  sulphuric  acid. 

4.  N/lOO  sodium  hydroxide. 

5.  Sodium  liydroxide.  Forty  per  cent,  solution  or  solid  pellets 

6.  Methyl  red  indicator.  pcuets. 

Technique  Dilute  the  urine  1  in  10,  and  pipette  2  ml.  of  this 

into  a  Pyrex  test  tube.  An  8  X  1  inch  tube  is  nLt  suitable  Add 

1  ml.  concentrated  sulphuric  acid  and  0-2  gram  of  potassium  suinhate 
Heat  over  a  small  ilaiiie  so  that  the  liquid  boils  80^011^  Tfe  rnkture 

(P.  106)  may  LTused  “  W^h 

40  per  cent,  sodium  hydroxide  or  abo'ut  4  gr:".  of  Hm  solid  p'elto' 
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to  the  digestion  mixture.  Draw  a  current  of  air  through,  bubbling 
slowly  for  a  few  minutes  at  first,  then  rapidly  for  about  twenty 
minutes.  Titrate  25  ml.  with  N  100  sodium  hydroxide.  Carry  out 
a  blank  on  all  the  reagents. 

Calculation.  One  ml.  N/lOO  sulphuric  acid  is  equivalent  to  0-14 
mg.  of  nitrogen.  Hence 

Urine  nitrogen  per  100  ml.  of  urine  =  (ml.  titration  of  blank  —  ml 

100 

titration  of  test)  X  2  X  0-14  X  — - 7. - ^ - s- 

volume  of  urine  used 

So,  if  2  ml.  of  urine  diluted  1  in  10  were  used 

Urine  N  in  mg.  per  100  ml.  =  (ml.  titration  of  blank  —  ml.  titration 
of  test)  X  140. 

Grams  urine  nitrogen  per  diem  =  (ml.  titration  of  blank  ml. 

volume  of  twenty-four  hour  specimen 
titration  of  test)  X  1-4  X  - Uboo - ’ 

2.  Micro- Kjeldahl  Distillation  (Pregl) 

After  digesting  as  described  in  the  above  method,  wash  the  mixture 
into  the  vessel  C  of  the  distillation  apparatus  (Fig.  34)  with  three  or 


A 


Fig.  34. 


Micro-Kjeldahl  Distillation  Apparatus  of  Pregl. 


u-  ^  tr.  J,  nil  of  water.  Then  run  in  12  ml.  of  40  per 

four  washings  of  3  to  4  ml.  ot  ^e  ^ 

cent,  sodium  hydroxide  down  the  funne  .  ^  ammonia 

and  pass  the  steam  throng  1  le  mix  which  dips  beneath 

with  it,  the  steam  is  conden  ed  m  l),  c  tube  ot  p 

the  surface  of  10  ml.  of  N/50  acid.  ^  end  of  the 

minutes.  Then  lower  t  e  liquid  in  the  flask  and  pass 

condenser  tube  is  above  the  surface  f  \iq,  ti„,e  wash  the 

s  rth;:^i?::f  D  r  —  wdn 

^/loi  sodium  hydroxide.  Carry  through  a  blank. 
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Calculation.  The  calculation  is  as  before  except  that  the  factor  2 
is  omitted  since  in  this  case  the  whole  of  the  acid  is  titrated  and  not 
half  as  in  the  aeration.  So 

Grams  urine  nitrogen  per  diem  =  (ml.  titration  of  blank  —  ml. 

volume  of  twenty-four  hour  specimen 
titration  of  test)  X  0-7  X  - Toob - * 

For  very  concentrated  urines  use  1  ml.  of  urine  diluted  1  in  20. 

Notes  on  the  Use  of  the  Apparatus.  Before  use  the  apparatus 
should  be  steamed  out  thoroughly.  Pass  steam  for  about  ten 
minutes  without  jjassing  water  through  the  condenser.  Empty  the 
distillation  flask  C  by  ceasing  to  heat  the  water  in  A  so  that  the 
contents  are  then  sucked  back  into 
B.  Before  introducing  the  diges¬ 
tion  mixture  wash  out  again  with 
distilled  water.  Steam  out  the 
receiving  flask  before  use.  Empty 
the  distillation  flask  in  the  same 
way  at  the  end  of  the  test  and 
wash  out  similarly. 

3.  Macro  Kjeldahl  Distillation 

This  may  be  employed  using 
5  ml.  of  urine.  Place  in  a  300  ml. 

Kjeldahl  flask  and  add  10  ml.  of 
concentrated  sulphuric  acid  and 
0-2  gram  of  copper  sulphate.  Heat 
moderately  through  the  usual 
stages  and  for  [an  hour  after  the 
colour  has  cleared.  Cool  and  add 
about  150  ml.  of  distilled  water 
(nitrogen  free).  Set  up  as  shown  in 
the  diagram  (Fig.  35).  and  run  in 
an  excess  of  40  per  cent,  sodium 
hydroxide  from  the  separating 
funnel.  Make  sure  an  excess  has 
been  added  by  adding  2-3  droj)s  of 
indicator  (phenolphthalein)  to  the 
liquid  in  the  flask.  Distil  the 
ammonia  over  into  50  ml.  of  N/5 
sulphuric  acid  continuing  until  the  ^ 
volume  of  liquid  in  the  Kjeldahl 


Macro-Kjeldahl  Distillation 
Aj)paratas. 


S  ae.. 

X  0  001 4  X  twenty-four  hour  specimen 


5 
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INTERPRETATION 

The  daily  urinary  nitrogen  output  is  greatly  influeneed  by  the 
amount  of  protein  in  the  diet.  On  an  average  diet  some  14  to  15 
grams  are  excreted,  with  a  normal  range  from  11  to  18  grams.  It  is 
much  lower  on  protein-j)oor  diets  when  it  may  fall  to  below  5  grams, 
whereas  on  a  high  protein  diet  it  ranges  from  20  to  30  grams.  In  a 
normal  adult  on  an  adequate  diet  the  total  nitrogen  excreted  in  the 
urine  and  faeces  is  almost  equal  to  that  taken  in  the  food.  The 
faeces  contain  only  a  small  part  of  this  nitrogen,  about  90  per  cent, 
of  the  nitrogen  lost  being  found  in  the  urine.  In  metabolic  studies 
this  figure  may  be  used,  faecal  nitrogen  estimations  dispensed  with, 
and  total  nitrogen  excretion  calculated  from  urine  nitrogen  alone. 
It  has  been  argued,  however,  that  hccal  nitrogen  is  not  related  to  food 
nitrogen  and  that  it  is  more  accurate  to  use  a  daily  faecal  nitrogen  of 
1-3  grams.  For  really  accurate  work  analysis  of  the  faeces  is 
necessary.  For  further  discussion  of  faecal  nitrogen,  see  p.  282. 

On  ordinary  diets  the  urea  nitrogen  forms  80  to  90  per  cent,  of  the 
total  urine  nitrogen  whereas  on  a  low  protein  diet  it  may  fall  to  about 
60  per  cent.  The  absolute  amounts  of  ammonia  and  creatinine 
remain  practically  unchanged  and  there  is  only  a  relatively  small 
drop  in  the  uric  acid  excretion.  Accordingly  these  form  a  much 
larger  percentage  of  the  reduced  nitrogen  excretion  on  a  low  protein 
diet.  Thus  Folin  (1917)  found 


Ordinary  diet  : 

19  grams  N  . 
Low  protein  diet  ; 
6  grams  N 


Total 

N 

Urea 

N 

Ammonia 
.  N 

Uric  acid 
N 

Creatinine 

N 

Undeter¬ 
mined  N 

grams 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent 

16-8 

87-5 

30 

11 

3-6 

4-9 

3-6 

61-7 

11-3 

2-5 

17-2 

7-3 

A  ,  -  , 

It  should  be  pointed  out  that  whilst  a  person  is  m  mi-iugcix  -  ^ 
brium  on  an  ordinary  diet,  this  is  not  the  case  on  low  prc  ..a  diets. 
There  is  then  a  negative  nitrogen  balance,  more  nitrogen  being 
excreted  than  is  being  taken  in  the  diet.  The  minimum  amount  of 
p^Sein  required  to  give  a  balance  is  probably  between  0-5  and  0-7 
ora  ms  nerliloizram  of  body  weight,  that  is  for  an  average  male  adult 
u  +  ^  and  40  ffrauis  daily,  equivalent  to  about  6  grams  of 

proven  S'Yflgur’e  Nitrogen  equilibriu.n  should  be 

Urine''ndrogcn  estimations  are  only  rarely  done  and  then  ahnost 
always  as  part  of  metabolism  “per>maits 

pro?e?n.‘‘"?rme"m  m^y  sueh  protein  would  naturally  be 

included  in  the  urine  nitrogen. 


CREATINE  AND  CREATININE 
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alkaline  picrate  solution.  This  reaction  is  not  specific  for  creatinine 
and  there  are  other  substances  in  blood,  more  especially  in  the  red 
blood  cells,  which  also  give  this  colour.  However,  “  chromogen  ” 
thus  estimated  and  expressed  as  creatinine  has  clinical  significance. 
Bonsnes  and  Taussky  made  a  useful  study  (1945)  of  the  best  condi¬ 
tions  for  the  develo])ment  of  this  colour.  Estimation  of  these 
substances  is  most  commonly  made  on  urine. 


Determination  of  Creatinine  in  Urine.  Alkaline  Picrate  Method 

Bonsnes  and  Taussky,  (1945) 

Reagents.  1.  Picric  acid,  0-04  M  solution  (9-16  grams  per  litre). 
Picric  acid  as  supplied  contains  added  water.  It  can  be  dried  betw^een 
filter  papers  and  the  picric  acid  purified  (Benedict,  1922,  1929)  by 
crystallization  from  acetic  acid  if  the  colour  developed  on  the  addition 
of  alkali  gives  a  colorimeter  reading  more  than  twice  that  of  the 
picric  acid  solution  alone.  For  this  purification  dissolve  about 
100  grams  of  dried  picric  acid  in  150  ml.  of  glacial  acetic  acid  in  a 
conical  flask  and  heat  to  boiling  on  an  electric  hot  plate.  Filter  into 
a  dry  beaker  through  a  fluted  funnel.  Cover  and  allow  to  stand  over¬ 
night,  seeding  with  a  few  small  crystals  of  pure  picric  acid  if  necessary. 
Filter,  using  suction,  and  wash  wdth  SO  to  40  ml.  of  cold  glacial  acetic 
acid.  Suck  as  free  from  the  acetic  acid  as  possible  and  dry  at  80° 
to  90°  C.  until  there  is  no  odour  of  acetic  acid. 

High  grade  analytical  reagent  is  satisfactory  without  further 
purification. 

2.  Sodium  hydroxide,  0-75  N  solution. 

3.  Stock  solution  of  creatinine  containing  1  mg.  of  creatinine  per 
ml.  Dissolve  1  gram  of  pure  dry  creatinine  in  N^lO  hydrochloric 
acid  and  make  up  to  a  litre  wdth  the  acid.  This  solution  keeps 
almost  indefinitely. 

4.  Standard  creatinine  solution  for  use.  Prepare  from  the  above 
by  diluting  1  ml.  of  stock  solution  to  1 00  ml.  with  water.  This  contains 

y-  ''f  creatinine  per  ml. 

Technkiue.  Dilute  5  ml.  of  urine  to  500  ml.  in  a  volumetric  flask. 
Bipette  3  ml.  of  the  diluted  urine  into  a  test  tube  and  add  1  ml  of 
0  04  M  picric  acid  followed  by  1  ml.  of  0-75  N  sodium  hydroxide. 
Treat  3  ml.  (=  0-03  mg.)  of  the  standard  solution  for  use  in  the  same 
^^;ay  and  put  up  a  blank  consisting  of  3  ml.  water,  and  1  ml.  of  eaTh 
of  the  reagents.  Allow  to  stand  for  fifteen  minutes  and  then  read 
m  the  colorimeter  during  the  next  half  hour.  If  the  photoelectric 

mlScwL'."  transmission  at  500 

Calculation.  Since  the  standard  contains  0  03  mg.  creatinine  and 

3  m  of  diluted  urine  corresponds  to  0-03  ml.  of  the  ordinal  uVhm 
for  the  photoelectric  colorimeter  we  have  ^  ’ 

(•rams  creatinine  per  litre  of  urine 


_  Reading  of  unknown 
Reading  of  standard 
_  Reading  of  unknown 
Readmg~brstandard' 


X  0  03  X 


1000 


X 


0  03  ^  1000' 
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Since  Beer’s  law  may  not  be  followed  siiffieiently  elosely,  prepare  a 
standard  curve  to  elieck  this.  For  this  curve  dilute  2  ml.  of  the 
stock  standard  to  100  ml.  to  obtain  a  solution  which  contains  0-02 
mg.  per  ml.  Set  up  tubes  as  follows  : — 


Grams  per  litre  of  urine 

0 

0-4 

0-8 

1-2 

1-6 

20 

Mg.  per  100  ml.  urine  .... 

0 

40 

80 

120 

KiO 

200 

Ml.  of  standard  solution  (0  02  mg.  per  ml.) 

0 

0-6 

1-2 

1-8 

2-4 

30 

Ml.  distilled  water  .... 

30 

2-4 

1-8 

1-2 

0-6 

0 

Add  ])ierie  acid  and  sodium  hydroxide 

as  above. 

For  the  visual  colorimeter  the  standard  given  above  is  usually 
satisfactory.  In  all  cases  a  standard  giving  a  colour  nearly  the  same 
as  that  given  by  the  test  should  be  used. 


Determination  of  Creatine  in  Urine 

To  determine  ereatine  in  urine  it  is  neeessary  to  estimate  the 
creatinine  present  before  and  after  heating  with  acid  to  convert  the 
creatine  into  creatinine.  From  the  difference  the  amount  of  ereatine 

can  be  calculated.  . 

Reagents.  As  for  the  determination  of  creatinine. 

Technique.  Pipette  3  ml.  of  the  urine  diluted  1  in  100  as  above, 
into  a  6  X  i  inch  test  tube,  and  add  1  ml.  of  0-04  M  Pienc  acid^ 
Mark  the  test  tube  at  the  level  of  the  liquid  and  place  in  a  beaker  of 
briskly  boiling  water  for  forty-five  minutes.  At  the  same  time  place 
a  blank  contfi  3  ml.  of  water  and  1  ml.  of  the  picric  acid  in  the 
water  4t  the  end  of  fortv-five  minutes  cool  to  room  temperature, 

mnke  UD  to  the  mark  (4  ml.)  with  distilled  water,  so  as  to  make  good 
make  up  to  rne  ludiK  i  nil  of  0-75  N  sodium 

of  crcRtinc.  SuotrRct.  tlic  prc  i  i 

"reatintne  'after  1, eating  witl.  aeid,  and  multiply  by  M6. 

Determination  of  Creatinine  and  Creatine  in  Blood 

The  methoil  of  lionsnes  and  Taussky  haa  been  applied  to  blood  by 

lirod  and  Sirota  (1948). 

Determination  of  Creatinine 

modified  Foliii  Wn  tiingstic  aeid  inethod  is  used  for  prec.pita  mg 
the  proteins.  ?  per  cent,  solution.  Dissolve 

f ‘‘sulphuric  acid,  2/8  N  soh.tiom 
Picric  aeid  and  sodium  hydro.vide  as  aboie. 
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Technique.  Dilute  2  ml.  of  plasma  with  2  ml.  of  distilled  wjter, 
,n?pree?pitate  the  proteins  by  adding  2  ml.  of  5  P^r  cent  sodium 
tungLte  and  2  ml.  of  2/3  N  sulphuric  acid,  addeiU  drop  by  drop, 
with  constant  shaking.  Stand  for  ten  minutes  and  Alter 

Pipette  3  ml.  of  the  filtrate  (=  0-75  ml.  plasim^  and  add  1  ml. 
the  picric  acid  and  1  ml.  of  sodium  hydroxide.  Read  in  the  colori¬ 
meter  after  standing  for  fifteen  minutes.  Carry  out  a  complete 
reagent  blank  substituting  water  for  the  plasma.  As  standard, 
1-5  ml.  of  the  standard  for  use  (p.  143),  containing  0-015  mg.  creati¬ 
nine,  and  1-5  ml.  water,  put  up  similarly,  is  satisfactory. 

Calculation.  For  the  photoelectric  colorimeter,  using  the  standard 

suggested. 

Mg.  creatinine  per  100  ml.  blood 


Reading  of  unknown 

Reading  of  standard 

Reading  of  unknown 


X  0-015  X 


X  2-0. 


100 

(Tts* 


Reading  of  standard 

rhe  standard  curve  given  above  for  creatinine  in  urine  can  be  used, 
rhe  dilution  of  the  plasma  is  1  in  4  compared  with  1  in  100  for  the 
urine,  so  if  the  same  standard  solution  is  used  the  corresponding 
plasma  levels  are 


Mg.  creatinine  per  100  ml.  plasma.  0  0-8  10  2-1  3-2  4-8  6-4  8  0 

Ml.  standard  solution  (0  02  mg.  per 

ml.) .  0  0-3  0  0  0  9  1  2  1-8  2-4  3  0 

Ml.  water .  3  0  2  7  2-4  2  1  1-8  1-2  0  0  0 


It  is  advisable  to  increase  the  number  of  points  on  the  curve  for  lower 
creatinine  concentrations.  For  higher  values  of  creatinine  use  less 
filtrate.  The  remarks  made  about  Beer’s  law  under  urine  creatinine 
apply  here. 

Determination  of  Creatine 

Technique.  Take  3  ml.  of  the  protein-free  filtrate  prepared  as 
above,  and  add  1  ml.  of  the  picric  acid  solution.  Heat  for  forty-five 
minutes  in  boiling  water  as  before,  make  up  to  4  ml.  afterwards,  and 
develop  the  colour  as  previously.  As  with  urine  the  creatinine 
present  before  heating  is  subtracted  from  the  total  after  heating, 
and  the  figure  obtained  converted  into  creatine  bv  multiplvino-  bv 
the  factor  1-16.  ^  . 


INTERPRETATION 

The  formuhe  for  creatinine  and  creatine  are  as  follows  : 


NH  CHa 

II  I 

C  - N - 


N  COOH 

Creatine 


NH  CH^ 

•  II  1 

C  - N - CH 


N  H  - - c  O 


I’.C.B. 


Creatinine 
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Creatinine  is  thus  the  internal  anhydride  of  creatine,  being  formed 
when  water  is  removed.  This  can  be  effected  by  boiling  with 
hydrochloric  acid  or  picric  acid. 

Urine.  Creatine  is  necessary  in  the  process  of  muscle  contraction, 
which  is  related  to  the  amount  of  phosphocreatine  broken  down, 
resynthesis  occurring  after  contraction.  Creatinine  is  derived  from 
creatine  and  is  a  waste  product.  The  normal  daily  excretion  of 
creatinine  ranges  from  l_to  2  grams,  being  as  a  rule  nearer  to  the 
higher  limit  in  men  and'to  the  lower  in  women.  Creatinine  is  largely 
endogenous  in  origin,  so  that  the  amount  excreted  in  the  urine  is  little 
influenced  by  the  diet,  provided  this  is  a  normal  one  and  does  not 
contain  considerable  amounts  of  creatine  or  creatinine  rich  foods 
such  as  meat.  Such  endogenous  creatinine  is  related  rather  to  the 

amount  of  phosphocreatine  in  the  body.  •  i  i  • 

There  is  little  if  any  creatine  in  the  U7'ine  of  adults,  partieularly  m 
the  case  of  males,  but  some  may  be  found  in  the  urine  in  pregnancy, 
and  for  a  short  time  after  delivery,  and  also  m  childhood.  Under 
certain  abnormal  dietary  conditions  it  may  occur  m  the  urine  of 
adults,  for  example,  when  a  low  carbohydrate  diet  is  being  taken,  and 
in  fasting,  when  it  is  presumably  derived  from  the  breakdown  ot 
muscular  tissue.  It  has  been  reported  in  increased  amounts  m  the 


urine  of  athletes  during  training.  4.-  -4. 

The  sum  of  the  milligrams  of  creatinine  and  creatine  nitrogen 

excreted  per  kilogram  of  body  weight  has  been  termed  the 
coefflcient.  It  ranges  from  about  7  to  10  for  men  and  from  5  t^_  in_ 
women,  and  may  be  regarded  as  a  relative  measure 
muscular  tissue.  There  are  varying  opinions  as  regards  the  eHec 
of  exercise  on  the  creatinine  coefficient,  some  workers  holding  it  to 
be  incrrsed,  whilst  others  do  not^  The  Actors  for  eonvertmg 
creatinine  and  ereatine  into  their  nitrogen  content  are  0  872  and 

"■fntoeTin  pXlogieal  conditions  is  mainly  concerned  with  the 
Interest  in  patnoiog.  ^useular  disorders.  Increases 

S  i— VrSbohsm  of  hyperthyroidism 

has  a  similar  effect.  Mnhorat  and  Wolff,  1936  ; 

A  crefne  tolerance  j'.ga  fvlms  of  creatine  hydrate 

llichardson  and  Shorr,  1935)  V\  hen  i  84  g 
are  taken  by  a  normal  'jdult.  not  ,moreJhan^^^^  ^ 

excreted  in  the  urine  in  the  fo  ^ciifTfrp«;tpd  for  men.  A  greater 
of  not  more  than  20  per  cent,  has  tolerance)  must  be  taken  to 

excretion  than  this  “t  ,Xgical  crcatiniiria.  It  is  markedly 

indicate  the  presence  of  a  i„ereased  crcatiniiria. 

Sg- oi^biirill'itrniay  fo-> 
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markedly  in  the  dystrophies.  It  is  also  diminished  in  hyper¬ 
thyroidism.  It  may  be  increased  in  hypothyroidism. 

In  conditions  where  there  is  an  increased  excretion  of  creatine, 
so  long  as  this  is  small,  the  creatinine  plus  creatine  is  not  affected. 
However,  as  the  amount  of  creatine  lost  increases,  even  though 
creatinine  excretion  tends  to  fall,  the  excretion  of  the  two  together 
rises  so  that  the  creatinine  coefficient  also  rises.  In  some  severe 
muscular  dystrophies  this  rise  may  be  considerable. 

Blood.  The  Jaii6  reaction  used  in  the  estimation  of  creatinine  is 
so  unspecific  that  there  has  been  considerable  doubt  and  disagreement 
as  to  how  much  of  the  colour  produced  in  the  case  of  blood  was 
actually  due  to  creatinine.  However,  recent  work  suggests  that  by 
far  the  greater  part,  if  not  all,  of  the  chromogenic  substances  in 
plasma  is  actually  creatinine,  though  in  the  cells  it  is  rather  less  than 
half.  Measured  by  the  above  method,  the  normal  blood  creatinine 
is  between  1  and  2  mg.  per  100  ml.,  though  in  whole  blood  the  con¬ 
centration  of  true  creatinine  may  be  little  more  than  half  that 
amount.  The  normal  range  for  whole  blood  creatine  is  from  2  to 
7  mg.  per  100  ml.  Whilst  most  workers  have  reported  creatinine 
to  be  equally  distributed  between  cells  and  plasma,  at  least  in  pro¬ 
portion  to  the  amount  of  water  in  them,  most  of  the  creatine  is  found 
in  the  cells,  there  being  only  a  small  amount  in  the  plasma,  usually 
well  under  1  mg.  per  100  ml.  Tierney  and  Peters  report  0-2  to 
0-6  mg.  per  100  ml.  in  men,  0-35  to  0-9  mg.  per  100  ml.  in  women. 
Figures  of  several  mg.  per  cent,  have  been  reported  in  the  cells. 

The  plasma  creatinine  increases  in  renal  disease.  It  appears  that 
the  proportion  which  is  creatinine  of  the  substances  measured 
by  the  Jaffe  reaction  is  smaller  in  nephritis  than  in  health.  As  we 
saw  earlier,  creatinine  increases  later  in  renal  failure  than  does  urea 
so  that  a  value  of  over  5  mg.  per  100  ml.  in  chronic  nephritis  is  usually 
^  a  prognosis.  Several  workers  have 

‘  which  increase  blood  urea  have 

little  influence  on  the  blood  creatinine. 

oreatine  in  nephritis  is  conflieting 
Its  estimation  has  been  comparatively  little  usid.  Serum  creSe 

was^shown  to  be  ^creased  in  hyperthyroidism  by  Tierney  and  Peters 
basal  (1951)  has  compared  the  .serum  creatine  with  the 

0  6  an^  1  Vnn  condition.  A  raised  creatine,  to  between 

increased  basat  metabolism.*’  cenSs^tLt^ 

a  been  held  to  give 

inuhn  ckaranee  feannea  '  ,  T  b«  equal  to^the 

be  so  when  renal  diseaseTpreL^Tt.  but  may  not 

For  a  comprehensive  review  of  th#a 
creatinine  see  Peters  and  Van  Slyke,  mel  ''''  creatine  and 
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URIC  ACID 

IMost  methods  used  for  estimating  urie  aeid  are  based  on  the  reac¬ 
tion  with  a  ])hosphotungstic  acid  reagent  first  used  by  Folin  and 
Denis  (1912-13).  A  very  large  amount  of  work  has  been  done  on 
this  estimation  and  numerous  modifications  of  the  original  and 
subsequent  techniques  have  been  published. 

Determination  of  Uric  Acid  in  Blood. 

1.  Method  of  Brown  (1945) 

Reagents.  1.  Sodium  tungstate,  10  per  cent,  solution  of 
Na2W04,  2H2O. 

2.  Sulphuric  acid,  2/3  N  solution. 

3.  Uric  acid  reagent.  Dissolve,  with  the  aid  of  heat,  100  grams  of 
sodium  tungstate  (analar  Na2W04,  2H2O)  and  20  grams  of  anhydrous 
disodium  hydrogen  phosphate  in  about  150  ml.  of  water.  Mix  25  ml. 
concentrated  sulphuric  acid  with  about  75  ml.  of  water  and  pour  the 
warm  solution  slowly  into  the  flask  whilst  shaking  continuously. 
Boil  gently  for  one  hour  under  a  reflux  condenser.  Brown  suggested 
using  as  condenser  a  funnel  holding  a  200  ml.  conical  flask  filled  with 
ice  water.  Cool  under  running  water  and  make  to  1  litre  with  water. 
The  solution  may  have  a  slightly  greenish  yellow  colour.  It  is  not 

necessary  to  decolorize  with  bromine.  rr  •  t-i  f 

4  Sodium  cyanide,  12  per  cent,  solution.  Keep  m  the  refrigerator 
where  the  solution  is  stable  for  two  weeks.  It  is  necessary  to  use  a 
high  grade  sodium  cyanide  or  appreciable  blanks  may  be  obtained. 
Both  the  blank  given  by  the  cyanide  solution  and  its  keeping  quahtie 

^^^5^*  Ur^l  ^50^per  cent,  solution.  Dissolve  50  grams  of  urea  m  water 
and  make  up^  to  100  ml.  This  solution  keeps  well  at  room 

uric  aeid  solution.  Weigh  out  100  mg.  of  uric 
acid  fn  a  small  beaker.  Dissolve  60  mg  of  lithium  carbonate  in 

15  to  20  ml.  of  uHc^Skr‘^Stir^uSiUhssolv^  further 

and  pour  on  to  the  uric  ac  .  t  ^  dissolved,  transfer  with  washing 

in  warm  ^  of  40  per  cent,  formalin  and  then, 

to  a  100  ml.  flask.  A  d  2  "  ^  f  v/v  acetic  aeid.  Make 

t'Z  lark  “h  watr  Ind"  n>Lx.^  llept  in  a  well-stoppcred  bottle 

away  from  the  light,  this  ‘„7the  stoTk  standard 

7  Standard  solution  for  use.  Dilute  1  ml.  or  i^ue  sluj. 

to  250  ml.  This  solution  and  to  2  ml. 

Technique.  Prepare  the  usual  cylinder,  add  2  ml. 

(=  0-2  ml.  blood)  m  a  10  burette  ^thL  2  ml.  of  50  per 

of  12  per  cent,  sodium  cyanic  e  j  T:)hosphotungstic  acid  reagent, 
cent,  urea,  and  fina  ly  1  ho^^^^^  fn  a  bath  at  25°  C. 

mixing  after  each  addition.  standard  by  treating  2  ml.  of 

r:.5 — "  i" 
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of  water.  Compare  in  the  colorimeter.  With  the 
colorimeter,  Brown  uses  a  green  filter,  or  trammission  at 
microns.  If  a  red  filter  is  used,  take  1  ml.  of  tungstic  acid  filtrate 
and  1  ml.  of  standard.  The  calculation  is  then  the  same  except  that 
for  preparing  a  standard  curve  the  stock  standard  must  be  diluted 

1  in  200.  ,  .  1  .  .  o  1  f 

Calculation.  Since  the  filtrate  used  is  equivalent  to  0-2  ml.  ot 

blood,  and  2  ml.  of  the  standard  contain  0-008  mg.  of  uric  acid,  tor 
the  pliotoelectric  colorimeter  : 

Mg.  uric  acid  per  100  ml. 

Reading  of  unknown 


Reading  of  standard 

Reading  of  unknown 
Reading  of  standard 


X  0-008  X 


X  4. 


100 


0-2 


A  standard  curve  can  be  prepared  as  follows,  using  as  standard  a 
solution  prepared  by  diluting  the  stock  standard  1  in  100  and  so 
containing  0-01  mg.  per  ml. 


Mg.  uric  acid  per  100  ml.  blood  .  .  .  0  2  4  0  8  10 

Ml.  standard  uric  acid  solution  (1  ml.  =  0  01  mg.)  0  0-4  0-8  1-2  1  0  2  0 

■Ml.  distilled  water .  2  0  1-0  1-2  0-8  0-4  0 

Develop  the  colour  as  described  above. 


A  blank  should  always  be  prepared,  and  with  satisfactory  reagents 
should  give  only  a  faint  colour. 

If  the  visual  colorimeter  is  used,  two  standards  containing  0-006 
and  0-016  mg.  of  uric  acid  in  2  ml.  of  solution  are  suitable  and  cover 
almost  all  values  found.  These  correspond  to  3  and  8  mg.  uric  acid  per 
100  ml.  respectively.  If  only  one  standard  is  put  up  the  4  mg. 
standard  given  above  is  most  convenient. 

Notes.  Two  important  sources  of  error  have  been  found  in  uric 
acid  estimations.  Some  uric  acid  is  carried  down  with  the  protein 
precipitate,  giving  low  results,  and  there  are  present  in  blood  other 
substances  which  also  give  a  colour,  tending  to  give  high  results. 
Such  substances  are  mostly  found  in  the  red  blood  cells,  so  that  error 
due  to  them  can  be  largely  avoided  by  using  plasma  or  serum.  Use 
of  serum  is  recommended.  Furthermore,  should  it  be  necessary  to 
add  additional  sulphuric  acid  to  complete  the  precipitation  of'^the 
proteins,  this  inlluences  the  amount  of  colour  developed.  Such 
addition  is  more  likely  to  be  needed  witli  whole  blood  than  with 


serum. 

King  (1951)  places  whole  blood  into  isotonic  sodium  sulphate 
so  that  the  substances  in  the  cell  walls  which  give  a  colour  are  carried 
down  when  the  protein  is  precipitated.  King  precipitates  the 
proteins  by  adding  the  phosphotungstic  acid  reagent  and  then 
natmu 'n  ^7  adding  a  cyanide-urea  reagent  to  the  super- 

uL "2  id  ofthXlTd.""'"'""'^ 
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Folin  (1933,  1934)  precipitated  the  uric  acid  from  the  protein-free- 
filtrate  as  silver  urate,  from  which  it  was  set  free  and  estimated 
colorimetrically.  This  eliminates  the  effect  of  interfering  substances. 
An  enzyme  uricase  is  also  known,  which  can  remove  uric  acid  from 
blood.  Estimations  done  before  and  after  its  action  have  been  used 
to  give  the  uric  acid  present  (Buchanan,  Block,  and  Christman,  1945, 
Johnstone,  1952). 

Recovery  of  added  uric  acid  to  tungstic  acid  filtrates  has  never 
been  100  per  cent.,  and  has  sometimes  been  much  lower.  The  above 
method  is  claimed  to  give  a  95  per  cent,  recovery  with  a  minimum 
interference  from  other  reacting  substances. 

Molybdate-free  sodium  tungstate  should  be  used.  If  necessary 
this  can  be  prepared  as  follows  (Folin,  1934).  Dissolve  250  grams 
of  sodium  tungstate  in  500  ml.  water  and  make  neutral  to  litmus 
with  5  N  hydrochloric  acid.  Saturate  with  hydrogen  sulphide  and 
stand  twenty-four  hours.  Add  400  ml.  absolute  alcohol  gradually, 
with  constant  shaking.  Filter  after  again  standing  overnight,  wash 
the  precipitate  with  50  per  cent,  alcohol,  and  dissolve  in  375  ml.  of 
water.  Add  0-5  ml.  bromine  and  boil  gently  to  remove  excess  of 
bromine.  Make  the  hot  solution  alkaline  to  phenolphthalem  by 
adding  40  per  cent,  sodium  hydroxide.  Cool,  filter  if  necessary,  add 
200  ml.  of  absolute  alcohol,  and  stand  overnight.  Filter  off  the 
white  crystals  and  dry  in  a  desiccator.  However,  high  grade  analy¬ 
tical  reagent  is  almost  always  satisfactory  without  further  purification. 

11.  Method  of  Bidmead  (Bidmead,  1951) 

Bidmead  has  also  developed  a  simple  method  using  Benedict’s 

“geir'^l^lodtim  10  per  cent,  solution  ot 

'  8  Urc^cyanfde 'Ve^gen  25  grams  of  pure  .sodium 

DitofvTTo “  "g^tate  in  .800 

r:;r:fpy%^osp^h-:  1=  ronr:f 

JonTentfatd  hydroehlorie  aLi. 

make  up  to  500  ^1*  p  to  me4od. 

iranirrusrrute"^^^^^^^^^^^^  -  loo  .m. 

Prepare  a  “  elSed^Xlare”^ 

technique.  As  above,  use  o  s  centrifuge  tube 

avoid  haemolysis,  of  urL-c>4nide  solution,  0-2  ml.  of 

graduated  at  10  ml  add  2  •  ot  ^ea  c>  ^ 

rsenophosphotungstate  reag  <  niinutes  at  room  temperature. 

[ix  iiAmediately,  and  stand  for  minutes  a  transmission  at 


e? 

ar 
Mix 


Then  read  in  the  colorimeter  using  a 
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680  millimicrons,  with  the  photoelectric  colorimeter.  Put  up  a  blank 
using  5  ml.  water,  2  ml.  cyanide-urea  solution,  and  0-2  ml.  of  reagen 
and  making  up  to  10  ml.  as  before.  This  should  be  clear  and  almost 
colourless.  A  standard  curv^e  can  be  prepared  as  follows  : 


Mg.  uric  acid  per  100  ml.  serum  .  .  .  0  - 

Ml.  standard  uric  acid  (0  01  mg.  per  ml.)  .  0  1 

Ml.  distilled  water  .  .  •  ..54 

Proceed  as  described  for  the  test. 


6  8  10 

3  4  5 

2  10 


Put  up  the  4  mg.  per  100  ml.  standard  with  each  batch  of  deter¬ 
minations. 

For  higher  values  use  2’5  ml.  of  protein-free  filtrate. 

Note.  The  temperature  used  for  the  colour  development  should 
be  fixed  within  narrow  limits.  20°  C.  is  satisfactory.  At  lower 
temperatures  the  rate  of  colour  development  falls  off  appreciably. 


INTERPRETATION 

Uric  acid  belongs  to,  and  is  the  end  product  of  the  metabolism  of 
the  group  of  substances  known  as  the  purines,  some  of  which  are 
present  in  nucleic  acid  found  in  the  molecule  of  the  nucleoproteins. 
It  is  accordingly  formed  endogenously  from  nucleoprotein  meta¬ 
bolism,  and  exogenously  from  the  metabolism  of  purines  taken  in 
the  food.  The  formula  of  uric  acid  is  given,  and  the  type  of  iso¬ 
merism  possible  is  shown.  From  the  formula  it  can  be  seen  why 
uric  acid  forms  salts,  though  it  is  only  dibasic  and  not  tribasic  as 
might  appear  possible  from  the  formula.  Monosodium  and  disodium 
salts,  for  example,  are  known. 


H  N- 

I 

0  c 


CO 

I 

c  - 


N: 


:C.OH 


HN -  C  — 

Keto-form 


NH 


HO.  c  C —  NH 


CO 


Uric  Acid 


N - C  — 

Enol-form 


C.OH 


There  is  some  variation  in  the  figures  given  for  the  normal  range  of 
blood  uric  acid.  In  part  this  may  be  due  to  the  number  of  techniques 
used  for  its  determination,  and  also  to  variations  in  the  distribution 
between  cells  and  plasma.  Archer  and  Rhoden  (1951)  found  the 
mean  for  whole  blood  to  be  3-52  mg.  per  100  ml.,  that  for  plasma 
4-04.  In  the  majority  of  normal  persons  uric  acid  is  between  2  and 
5  mg.  per  100  ml  However,  value.s  down  to  and  very  occasionally 
below  10  are  obtained.  As  regards  the  upper  limits  of  normal  a 
point  of  some  importance  in  the  use  of  uric  acid  determinations’  in 
gout,  btecher,  Hersh  and  bolomon  (1910),  in  a  familial  study  of  gout 
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have  placed  this  as  high  as  0-5  mg.  per  100  ml.  Bulger  and  Johns 
(1941)  gi\V2  to  6  mg.  per  100  ml.  as  the  normal  range,  with  a  rather 
higher  av^age  for  men  than  for  women.  Most  other  workers  have 
given  ^ower  maximum,  from  3-5  to  5-0  mg.  per  cent.  A  small 
increase  towards  the  end  of  pregnancy  has  been  reported. 

In  disease  the  main  interest  centres  on  the  lindings  in  gout.  In 
this,  urates  are  deposited  in  the  solid  form  in  and  about  the  joints 
and  the  blood  level  is  often  raised.  All  workers  who  have  studied 
the  blood  uric  acid  in  gout  have  reported  a  proportion  within  normal 
limits  and  have  found  that  increases  are  not  necessarily  related  to 
the  severity  of  the  attack.  The  range  commonly  seen  m  gout  is 
from  5  to  10  mg.  per  100  ml.,  though  even  higher  figures  have  been 
reported.  The  determination  may  have  some  diagnostic  value  m 
differentiating  gouty  from  non-gouty  arthritis.  It  should  be  borne 
in  mind  that  an  increase  in  blood  uric  acid  occurs  when  there  i. 
impaired  renal  function,  and  in  conditions  generally  m  which  the 
blood  urea  is  raised,  when  it  may  range  from  4  to  20  mg.  per  cent 
If  the  estimation  is  used  for  diagnostic  purposes  ' 

gout  the  presence  of  such  a  renal  defect  has  to  be  ruled  out.  plough 
renal  complications  may  well  develop  ultimately  m  chroi  i  g  , 
apart  from^this,  no  increase  in  blood  urea  should  be  found  to  accon  - 

nanv  the  rise  in  uric  acid  in  that  condition.  j 

'  I,L  easerup  to  10  mg.  per  100  ml.  have  a  so  been  found  ,n 

;S-r; 

Ihelffecf  of  Jltorfto  tend  to  pr’oduee  an  increase  in  blood  ur.e 

“urie  acid  estimations  give  little  information  of  value  to  the  clinician 
except  in  cases  of  gout. 

substances  other  than  uric  a  ordinarily  due  to  uric 

result  only  80  to  90  If "  f  "^r!  Thus  direct  methods  are 

acid,  and  sometimes  this  nmy  for  some  purposes,  lo 

rather  inaccurate  but  may  be  (Folin,  1933, 

miTor^SbnaUrbcLe  and  after  the  action  of  uricase  (Buchanan 

et  al,  19-15)  is  necessary.  ^ust  be  diluted,  1  in 

HMl^S'-rfng  convenient  for  twenty-four-hour  specimens.  The 
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method  can  then  be  carried  out  as  described  for  the  tungstic  acid 

the  urine  in  the  refrigerator  or  use  a  preservative  such  as 
thymol.  Proceed  with  the  determination  immediately  after  diluting 

^^‘Lkulation.  With  Brown’s  method  using  2  ml  of  standard 
containing  ()-()08  mg.  of  uric  acid,  and  2  ml.  of  urine  diluted  1  ii 
Mg.  uric  acid  per  100  ml.  urine 


X  0-008  X 


Read ing  of  unknown 
Reading  of  standard 
Reading  of  unknown  ^ 


100 


Reading  of  standard 
The  standard  curve  given  for  the  photoelectric  colorimeter  can  be 
used,  allowing  for  the  different  dilution,  which  is  1  in  10  in  the  case 
of  blood. 

With  Bidmead’s  method,  taking  5  ml.  of  urine  diluted  1  m  100, 
and  proceeding  as  described  for  blood  filtrate,  the  given  standards 
correspond  to  0,  20,  40,  60,  80,  100  mg.  uric  acid  per  100  ml.  urine. 


INTERPRETATION 

The  urine  uric  acid  is  made  up  of  an  exogenous  part,  the  amount  of 
which  depends  on  the  quantity  of  purine-rich  foods  in  the  diet,  and 
of  an  endogenous  part  resulting  from  the  breakdown  of  nucleoprotein. 
On  a  purine-free  diet  this  latter  is  found  to  range  from  0-3  to  0-5  gram 
daily.  The  amount  excreted  when  purine-containing  foods  are  being 
taken  is  higher,  a  typical  figure  on  an  average  diet  being  0-6  to 
0-7  gram.  On  a  high  purine  diet  excretion  of  uric  acid  may  exceed 
1-0  gram  daily. 

ITine  uric  acid  is  rarely  determined.  It  follows  a  characteristic 
course  in  gout,  being  low  before  an  attack  and  increasing  during  the 
attack.  A  consistently  high  excretion  is  found  in  leukajinia  and  in 
conditions  in  which  there  is  increased  metabolism  of  nucleoprotein 
without  impairment  of  renal  function.  Administration  of  cortisone 
and  the  adrenocorticotrophic  hormone  of  the  pituitary  increases  the 
excretion  of  uric  acid,  t'incophen  has  a  similar  effect. 

Urate  Crystals  in  Material  from  Joints 

Material  removed  from  joints  in  gout  often  contains  masses  of 
needle-shaped  crystals  of  sodium  acid  urate,  which  present  a  typical 
appearance  microscojiically.  The  murexide  test  (p.  482)  can  be  used 
to  confirm  the  presence  of  urates  in  this  material. 


AMINO  ACTU  NITROGEN 
Determination  of  Amino  Acid  Nitrogen  in  Blood 

Method  of  Folin 

(Frame,  Russell  and  Wilhehni,  1943  ;  Russell,  1944).  This  method 
iises  the  brown  colour  produced  when  amino  acids  react  with 
^-naphthoquinone -4-sulphonate  in  alkaline  solution. 
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Reagents.  1.  Sodium  )3-naphthoquinone-4-sulphonate,  0-5  per 
cent,  solution  in  water.  Prepare  freshly  within  an  hour  before  use. 

2.  Borax,  sodium  tetraborate,  Na2B407,  10  HgO,  2  per  cent, 
solution. 

3.  N/10  sodium  hydroxide. 

4.  Phenolphthalein,  0-25  per  cent,  solution  in  alcohol. 

5.  Acid  formaldehyde  reagent,  0-3  N  hydrochloric  acid  containing 
3  ml.  of  40  per  cent,  formaldehyde  per  litre. 

6.  N/20  sodium  thiosulphate. 

7.  Stock  amino  acid  solution,  which  contains  0-2  mg.  amino  acid 
nitrogen  per  ml.  in  0-2  per  cent,  sodium  benzoate  dissolved  in  0-7  N 
hydrochloric  acid.  Danielson  (1933)  recommends  an  equimolar 
mixture  of  glycine  and  glutamic  acid,  the  colour  from  which  more 
closely  matches  in  shade  that  given  by  the  test.  To  prepare  this 
standard,  weigh  53*6  mg.  of  glycine  and  105  mg.  of  glutamic  acid 
and  dissolve  in  0-2  per  cent,  sodium  benzoate  in  0-7  N  hydrochloric 
acid,  making  up  to  100  ml.  with  the  same  solution.  If  glycine  only 
is  used,  prepare  a  solution  in  the  0’2  per  cent,  benzoate  in  hydro¬ 
chloric  acid  containing  107-2  mg.  of  glycine  per  100  ml. 

8.  Standard  for  use.  Dilute  3  ml.  of  the  stock  standard  to  100  ml. 
with  0-2  per  cent,  benzoate  in  acid.  One  ml.  of  this  eontains  6  ng. 

of  amino  acid  nitrogen.  .  ,  ^  u  i 

Technique.  The  ordinarv  Folin  tungstic  acid  filtrate  can  be  used, 

prepared  from  either  whole  blood  or  plasma  Pipette  5  ml.  of  this 
into  a  suitable  test  tube.(6  X  1  inch),  add  a  drop  of  phenolphthalein 
and  then  N/10  sodium  hydroxide,  drop  by  drop,  until  a  permanen 
pink  colour  is  produced.  Treat  similarly  5  ml.  of  the  ammo  acid 
standard  (containing  0-030  mg.  amino  lutrogen)  and  set  up  a 

blank  using  water  instead  of  blood  or  plasma  to  check  that  the  sodiu 
tungrtL  fnd  the  acid  are  ammonia  free.  I  neeessary  add  a  mah 
amount  of  water  to  get  the  same  volume  >"  f  Jf  y 

■  isVSpXs".".?  I 

or  transmission  at  470  to  480  millinucrons. 

Calculation  For  the  photoelectric  colorimeter 
Mg  amino  acid  nitrogen  per  100  ml.  of  blood  or  plasn.a 

Reading  of  unknown  ^  o  030  X 
=  R^dhig^oTstand^d 

Reading  of  unknown  ^  ^ 

=  leading  of  standard 

A  suitable  standard  curve  ^n  cUluthig 


0-5 
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Mg.  amino  acid  nitrogen  per  100  ml. 

Ml.  standard  solution  (1  ml. =20  /xg.) 

Ml.  distilled  water  .... 

Treat  as  described  for 
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the  standard  above. 


Notes.  1.  The  reaction  should  be  carried  out  at  pVL  9-2  to  9-4, 
or  less  colour  will  be  developed.  If  a  drop  or  two  excess  N/10  sodium 
hydroxide  is  added  during  neutralization,  colour  development  is  not 
affected  but  low  results  may  be  obtained  if  there  is  incomplete 
neutralization  to  only  a  faint  pink  or  transient  pink  with  phenol- 
phthalein.  Since  the  volume  of  the  sample  should  not  exceed  5  ml. 
by  more  than  a  few'  tenths  of  a  ml.,  if  the  test  solution  is  strongly  acid 
use  more  concentrated  alkali  first  and  then  neutralize  finally  with  the 
N/10  hydroxide. 

2.  Of  naturally  occurring  substances  ammonia  and  uric  acid  may 
lead  to  erroneous  results,  but  these  are  not  usually  present  in  blood 
in  amounts  likely  to  introduce  serious  errors.  One  mg.  per  100  ml. 
of  uric  acid  gives  a  colour  similar  to  that  given  by  0*1  mg.  per  100  ml. 
of  amino  acid  nitrogen.  A  colour  may  also  be  given  by  sulphon- 
amides.  A  level  of  free  sulphonaniides  of  10  mg.  per  100  ml.  in 
blood  w'as  found  by  Frame  to  be  equivalent  to  about  0-8  mg.  amino 
nitrogen  per  100  ml. 

Other  Methods.  For  the  ninhydrin  method,  in  which  carbon 
dioxide  is  produced  by  the  action  of  ninhydrin  on  a  amino  groups, 
see  Hamilton  and  Van  Slyke,  1943  ;  and  Cramer  and  Winnick,  1943. 
The  formol  titration  method  has  also  been  applied  to  blood  (Van 
Slyke  and  Kirk,  1933). 


INTERPRETATION 

Rather  different  values  for  the  blood  amino-acid  nitrogen  are  given 
by  the  different  methods.  '  There  is  agreement  that  the  amount  of 
ammo-acids  in  the  cells  is  appreciably  higher  than  that  in  the  plasma. 
Ihe  lowest  normal  range  is  given  by  the  ninhydrin  method.  With 
this  tiie  range  for  plasma  amino-acids  has  been  mostly  given  as  from 
about  3-4  to  5-4  mg.  per  100  ml.  Kirk  with  the  formol  titration 
found  rather  similar  values  to  those  reported  for  Folin’s  colorimetric 

of  4-3  to  7-7  compared  with  Schmidt’s 
4-8  to  /-S  with  the  bolm  method.  Amino-acids  in  the  cells  are 
approximately  tw'ice  as  great.  .Macfadyan  has  stated  that  some 

I'borated  when  blood  clots  so  that  the  figures  are  a 
little  higher  for  serum  than  for  plasma.  ^ 

Deamination  of  amino-acids  occurs  in  the  liver.  This,  however 
only  impaired  when  there  is  severe  liver  damage.  An  increased 
level  of  ammo-acid  nitrogen  from  this  cause  is  found  especiallv  in 

pefioo  mr  from  15  to  25  mg 

peJ  Jent  are  common.  Dent  records  a  case  with  37  m| 

irjsra  — 
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Tests  of  liver  funetion  have  been  suggested  in  which  amino-acids 
have  been  given  both  orally  and  intravenously  and  blood  and  urine 
amino  acids  studied  afterw’ards.  These  have  not  gained  acceptance 
as  being  of  value  in  the  diagnosis  of  liver  disease. 

Increased  blood  levels  have  been  noted  in  advanced  renal  failure, 
and  an  increase  of  a  few  mg.  per  100  ml.  has  been  reported  in 
leukaemia.  Slight  increases  have  been  noted  occasionally  in  a 
number  of  conditions. 

A  decrease  in  plasma  amino  acids  has  been  reported  to  follow  the 
injection  of  insulin. 

Determination  of  Amino  Acids  in  Urine 

The  colorimetric  method  using  naphthoquinone  sulphonic  acid 
cannot  be  used  satisfactorily  with  urine.  The  formol  titration 
method  has  probably  been  most  used  though  it  is  not  so  accurate  as 
the  ninhydrin  method.  A  simpler,  though  less  reliable  method,  is 
the  copper  titration  method  of  Albanese  and  Irby. 


1  Formol  Titration  Method  (Kirk,  1936  ;  Van  Slyke  and  Kirk, 

1933) 

Amino  acids  contain  both  a  basic  and  an  acidic  group,  formal¬ 
dehyde  destroys  the  basicity  of  the  amino  group  and  permits  titration 
of  the  acid  group.  The  pH  is  first  adjusted  to  between  6  and  7, 
neutralized  formaldehyde  is  added,  and  the  mixture  then  titrated 
with  sodium  hydroxide  to  pH  9,  using  phenolphthalein  as  indicate. 
Ammonia  also  reacts  with  formaldehyde  and  must  be  removed,  or  be 
determined  so  that  a  correction  can  be  made.  Phosphates  and  any 
albumin  present  must  also  be  removed. 

Reagents.  1.  Acetic  acid,  10  per  cent.  (v/v). 

2.  N  hydrochloric  acid. 

3.  N  sodium  hydroxide  (carbonate  free). 

4.  Solid  barium  chloride. 

5.  Saturated  solution  of  barium  hydroxide. 

6.  Disodium  hydrogen  phosphate,  0-05  ^  solution  ^^mal 

7.  N/lOO  sodium  hydroxide,  prepared  by  diluting  the  normal 

'""s ^Neutral  formaldehyde  solution.  Add  the  phenolphthalein  to 
36  to  4^06?  cent,  formaldehyde  in  the  proportion  0-2  ml.  per  0  ml. 
and  add  N/10  sodium  hydroxide  until  a  faint  pink  colour  is  proc 

‘  !o  “f  solution  in  50  per  cent  alcohol. 

ll‘  Phenolphthalein,  0-1  per  cent,  so  ution  in  a  coho  . 

I2’.  Phenolphthalein,  0-2  per  cent,  solution  in  alcohol. 

13.  Octyl  alcohol. 

14.  Litmus  paper.  nrP^ent  bv  adding  0-5  ml.  of 

Technique.  urirand  h'^i^  on  I  stea.n  bath 

10  per  cent,  acetic  acid  to  ^  ^  volumetric  flask  or 


for  five  to  ten  niiimtcs.  is  absent,  measure  25  ml. 

dTrSry‘into''lhe  volumitric  flask.  For  precipitation  of 


minutes.  Wash  into  a  oO  m  . 


volumetric  flask  or 
measure  25  ml. 


of  urine  directly 
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phosphate  and  carbonate,  add  1  gram  of  barium  chloride  and  a  drop 
of  octyl  alcohol.  Shake  to  dissolve  the  barium  chloride  and  make 
alkaline  to  litmus  paper  with  saturated  barium  hydroxide.  Add  a 
further  2  5  ml.  of  barium  hydroxide  and  make  to  the  mark  with 
water.  Stand  for  fifteen  minutes  and  filter. 

To  remove  ammonia  proceed  as  follows  :  Pipette  25  ml.  of  the 
filtrate  into  the  flask  of  a  vacuum  distillation  apparatus.  Add  a 
few  drops  of  octyl  alcohol  and  a  piece  of  litmus  paper.  Distil  in  vacuo 
for  five  minutes.  Without  interrupting  the  distillation,  add  N 
hydrochloric  acid  in  0-5  ml.  portions  until  the  litmus  becomes  red. 
Continue  distilling  for  a  further  two  minutes  to  remove  carbon 
dioxide.  Transfer  to  a  25  ml.  stoppered  glass  cylinder,  washing  out 
several  times  with  carbon  dioxide-free  water.  Add  12  drops  of 
neutral  red  indicator  and  neutralize  with  N  sodium  hydroxide. 
Make  to  the  mark  with  carbon  dioxide-free  water. 

Prepare  standards  as  follows  : 

(a)  Neutral  Standard.  Pipette  1  ml.  of  untreated  urine  into  a  test 
tube  and  add  1  ml.  water,  0-4  ml.  of  0-05  M  disodium  hydrogen 
phosphate,  and  1  drop  of  neutral  red  indicator.  Titrate  with  either 
alkali  or  acid  to  the  point  at  which  the  colour  changes  sharply.  The 
original  urine  must  be  used  otherwise  phosphate  is  precipitated. 

{b)  Alkaline  Standard.  Pipette  2  ml.  of  the  urine  filtrate_into  a 
test  tube  and  add  1  drop  of  0-1  per  cent,  phenolphthaleiri^  and  add 
0-4  ml.  of  formaldehyde.  Run  in  N/lOO  sodium  hydroxide  until  the 
maximum  colour  is  produced. 

Titrate  the  urine  filtrate  as  follows.  Pipette  2  ml.  into  a  test  tube 
and  add  acid  or  alkali  until  the  colour  of  the  sample  matches  that 
of  the  neutral  red  standard.  Add  0-4  ml.  formaldehyde  and  3  drops 
of  0-2  per  cent,  phenolphthalein,  and  titrate  with  N/lOO  sodium 
hydroxide  until  it  matches  the  alkaline  standard.  The  colour  changes 
are  from  red  to  yellow  to  red.  Note  the  ml.  of  N/lOO  alkali  required  in 
this  titration.  Carry  out  a  blank  using  water  instead  of  the  urine 
filtrate.  Use  a  microburette  both  for  adjusting  the  pH  and  in  the 
final  titration. 

Calculation.  Mg,  amino  acid  nitrogen  in  the  sample 

=  0-14  X  (Titration  of  unknown  —  Titration  of  blank). 

Since  the  sample  taken  is  equivalent  to  1  ml.  urine 
Mg  amino  acid  nitrogen  per  100  ml.  =  14  x  (Titration  of  unknown 
litration  of  blank).  The  error  of  the  titration  appears  not  to  be 
greater  than  0-02  ml.  of  N/lOO  alkali,  whieh  is  equivalent  to  0-28 
mg.  ammo  nitrogen  per  100  ml.  urine. 


2.  Copper  Method  of  Albanese  and  Irby 

Albanese  and  Irby  (1944)  have  applied  the  copper  method  of  Pope 

addpftl''""*  *  ^  of  copper  phosphate  is 

Th^lm  ^  copper  ammo  acid  compound  is  formed  in  solution, 

fhe  remaimng  copper  phosphate  is  liltered  off,  and  the  copper  in 
solution  determined  iodonietrically.  copper  in 

Reagents,  l.  Cupric  chloride  solution.  Dissolve  27-8  erams  of 
cupric  chloride,  CuCl„  211,0,  in  1  litre  of  water.  ® 
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2.  Trisodium  phosphate  solution.  Dissolve  64-5  grams  in  1  litre 
of  water. 

3.  Borate  buffer.  Dissolve  57-21  grams  of  sodium  borate  in  about 
1,500  ml.  water,  add  100  ml.  N  hydroehlorie  acid  and  make  to  2  litres 
with  water. 

4.  Copper  phosphate  suspension.  Mix  1  volume  of  cupric  chloride 
solution,  2  volumes  of  trisodium  phosphate,  and  2  volumes  of  borate 
buffer.  This  keeps  for  one  week  in  the  refrigerator. 

5.  Thymolphthalein  indicator.  Dissolve  0-25  gram  of  thymol- 
phthalein  in  50  ml.  of  95  per  cent,  ethyl  alcohol  and  make  to  100  ml. 
with  water. 

6.  N/lOO  sodium  thiosulphate  solution.  Prepare  freshly  before  use 
from  stock  normal  solution. 

7.  Starch  indicator.  One  per  cent,  in  saturated  sodium  chloride. 

8.  Potassium  iodide.  Prepare  a  solution  containing  1  gram  per 
ml.  as  required. 

9.  Glacial  acetic  acid. 

10.  N  sodium  hydroxide. 

Technique.  Collect  twenty-four-hour  urine  specimens  in  brown 
bottles  containing  50  ml.  of  15  per  cent,  v/v  hydrochloric  acid  and 
1  ml.  10  per  cent,  alcoholic  thymol.  Make  up  to  2  litres  with  water. 
Such  a  urine  keeps  for  a  week  at  room  temperature.  Measure  15  ml. 
into  a  50  ml.  volumetric  flask  (this  should  contain  at  least  1-0  mg.  of 
amino  nitrogen)  and  add  4  drops  of  thymolphthalein  indicator  and 
run  in  N  sodium  hydroxide  until  a  faint  green  or  blue  colour  is 
obtained.  Then  add  30  ml.  of  the  copper  phosphate  suspension  from 
a  graduated  cylinder  and  make  to  the  50  ml.  mark  with  water. 
Mix  thoroughly  by  repeated  inversion,  stand  for  five  minutes,  and 
filter  through  No.  5  Whatman  paper  into  a  conical  flask.  Take  two 
10  ml.  aliquots,  and  determine  their  copper  content.  Acidify  with 
0-5  ml.  glacial  acetic  acid  and  add  1  ml.  of  potassium  iodide  solution. 
Titrate  with  N/lOO  thiosulphate  using  a  microburette  and  6  drops  of 
starch  indicator  for  the  end  point.  For  a  low  titre,  titrate  the 

duplicate  with  N/200  thiosulphate.  • 

Llculation.  Since  1  ml.  N/lOO  thiosulphate  =  0-28  mg.  of  amino- 

^^Mg.  urinary  amino-acid  nitrogen  per  twenty-four-hour  specimen 
=  ml.  N/lOO  thiosulphate  required  X  0-28  X  2,000 

-  3 

=  ml.  N/lOO  thiosulphate  required  X  560 
- 3 

iNTERPREi  amino-acid  nitrogen  as  measured  by  the 

formol  metLd  ranges  from  100  to  400  mg.,  forming  from  1  to  -  per 
SnT  of  the  total  urine  nitrogen.  The  copper  method  g^ves  higher 
resuits  ranging  from  200  to  700  mg.  daily.  Even  the  formol 
Xes  results  Wgher  than  those  obtained  by  the  nmhydrin  method. 
The  copper  method  has  been  shown  by  Milne  to  include  citrates 

present  in  the  urine. 
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The  increase  in  plasma  amino  acids  in  severe  liver  dainage  such  as 
acute  yellow  atrophy,  leads  also  to  a  marked  increase  m  the  daily 
excretion  of  amino  acids  in  the  urine.  The  presence  of  crystals  of 
leucine  and  tyrosine  in  the  urine  deposit  in  this  condition  has  been 
referred  to  earlier  (p.  97).  In  less  severe  cases  of  liver  damage  there 
is  not,  however,  any  such  increase.  Increased  excretion  of  amino 
acids  in  liver  disease  indicates  a  very  grave  prognosis. 

Recently  increased  interest  has  arisen  in  some  rare  diseases  in 
which  there  is  abnormal  excretion  of  amino  acids  in  urine.  The 
recent  work  of  Dent  and  Rose  on  cystinuria  has  been  described  earlier. 
Whereas  this  condition  has  been  shown  to  be  most  likely  due  to  a 
tubular  defect,  the  disease  phenylketonuria  (phenylpyruvic  oligo¬ 
phrenia)  appears  to  be  due  to  a  metabolic  defect,  the  patient  being 
unable  to  convert  phenylalanine  into  t^Tosine.  Tyrosine  can  be 
metabolized  normally  but  phenylalanine  is  present  in  increased  con¬ 
centration  in  blood,  cerebrospinal  fluid  and  urine.  The  phenylalanine 
is  mostly  excreted  in  the  urine  as  phenylpyruvic  acid.  The  condition 
has  been  studied  by  Jervis  (1947)  and  by  Lindan  (see  Dent,  1949). 

Dent  (1947,  1949)  has  also  studied  the  Fanconi  syndrome  in  which 
there  is  also  a  marked  increase  in  amino  acid  excretion.  In  one 
case  the  output  ranged  from  491  to  1,655  mg.  daily,  average  about 
1,050  mg.  The  percentage  amino  nitrogen  of  the  total  nitrogen  was 
from  3-1  to  13-0.  Dent  suggests  that  this  figure  should  always  be 
determined  when  considering  a  case  of  increased  amino  acid  excretion. 
He  considers  any  value  over  three  by  the  formol  method  to  be 
abnormal.  Dent  has  shown  that  in  the  Fanconi  syndrome  the 
increased  excretion  is  due  to  a  low  renal  threshold  for  amino  acids. 
The  blood  level  is  normal.  The  evidence  for  this  has  been  mainly 
obtained  by  paper  chromatography.  For  a  full  description  of  the 
techniques  used,  see  Dent,  1947,  1948,  1949,  1951,  and  Dent  and 
Shilling,  1948.  Individual  variations  in  amino-acid  distribution  are 
found  but  are  typical  for  each  particular  case.  Renal  glycosuria  is 
also  present. 

An  increased  excretion  of  amino  acids  is  also  found  in  Wilson’s 
disease,  hepato-lenticular  degeneration,  in  this  case  associated  with 
an  increased  urinary  excretion  of  copper. 

For  cystinuria  see  p.  96. 
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CHAPTER  XI 

THE  PLASMA  PROTEINS 


Urine  proteins  have  already  been  considered.  Here  we  shall  be 
concerned  with  the  plasma  proteins,  which  include  albumin,  globulins 
and  fibrinogen.  Before  dealing  with  the  methods  used  for  estimating 
these  we  shall  discuss  the  question  of  their  fractionation. 


FRACTIONATION  OF  PLASMA  PROTEINS 


The  earliest  fractionations  were  made  using  half-saturation  with 
ammonium  sulphate  or  a  22  per  cent,  concentration  of  sodium  sulphate. 
The  object  of  these  was  to  separate  albumin,  left  in  solution,  from 
globulins,  which  were  precipitated.  If  plasma  was  used,  fibrinogen 
was  included  in  the  globulins;  with  serum  the  separation  was  into 
albumin  and  globulins.  Fibrinogen  was  determined  separately  by 
adding  calcium  chloride  to  plasma,  collecting  the  fibrin  clot  formed, 
and  estimating  its  amount.  Subsequently  Campbell  and  Hanna 
(1937)  used  a  concentration  of  21  per  cent,  of  sodium  sulphite  for 
precipitating  the  globulins.  Most  of  the  determinations  done 
clinically  up  to  the  present  have  used  one  or  other  of  these  three 
means  of  separating  the  albumin  from  the  globulins,  with  22  per  cent, 
sodium  sidphate  the  most  used. 

Much  work  has  also  been  done  on  further  fractionation  of  the 
plasma  proteins,  more  especially  of  the  globulins.  For  a  full  discus¬ 
sion  of  this  subject  see  Edsall  (1947)  where  the  large  scale  fractiona¬ 
tion  methods  of  Cohn  and  his  co-workers  are  also  discussed,  and 
Marrack  and  Hoch  (1949).  Amongst  the  earliest  work  was  that  of 
Howe  (1921),  who  used  a  series  of  concentrations  of  sodium  sulphate 
to  separate  three  globulin  fractions  : 


globulin  .  .  Precipitated  by  13-5  per  cent,  sodium  sulphate. 

1  seudoglobuhn  I  .  Precipitated  along  with  euglobulin  by  17-4  per 

cent,  sodium  sulphate. 

1  seudoglobuhn  1 1  .  Precipitated  along  with  both  the  above  by 

21-5  per  cent,  sodium  sulphate. 

These  were  based  on  a  study  of  the  effect  of  increasing  tlie  concentra- 
tion  of  sodium  sulphate.  Using  serum  diluted  1  in  80  the  coneentrations 

tfveW  22-2  per  een"  resnee- 

f  7-’  •  ^  difference  it  was  thus  possible  to  separate  the  irlobnlin 

Z  n  and"p"udogl„f  dt 

tor  this  Howe  fractionation  (hitman  et  al  (194,1 1  «  n 

normal  ranges  :  '  g‘ve  the  following 
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Mean 

Range 

Albumin  ..... 

(ilobulin  : 

5-2  per  cent. 

4-7  to  5-7 

Euglobulin  .... 

0-2  „  „ 

0-2  to  0-4 

Pseudoglobulin  I  .  .  . 

0-8  to  1-9 

Pseudoglobulin  II  . 

0-5  „  ,, 

0-2  to  0-8 

Total  Globulins  .... 

20  „  „ 

1-3  to  2-4 

Total  Protein  .... 

7-2  „  „ 

6-5  to  7-9 

A  considerable  step  forward  was  taken  with  the  application  of 
electrophoresis  to  the  fractionation  of  these  proteins.  The  different 
mobility  of  the  various  components  in  an  electric  field  is  measured. 
For  the  technical  side,  see  Tiseliiis  (1937,  1939),  Longworth  (1942, 
1945),  and  Armstrong  et  al.  (1947).  As  a  result  the  globulins  have 
been  divided  into  fractions  designated  a  (later  further  separated  into 
ai  and  ag),  jS,  and  y  globulins.  Some  examples  of  the  results  obtained 
by  electrophoresis  are  as  follows  : 


Table  XII 

Electrophoretic  Fractionation  of  Plasma  Proteins 


Albumin  . 
Globulins  : 

a 


a.> 


y 

Total 


Fibrinogen 
Total  protein 


I 


3-77 

1-39 

104 

l-()9 

3-52 

7-29 

(serum) 


II 


4  04 
0-31 

0-48 

0-81 

0-74 

2-34 

0-34 

6-75 


0-79 


III 


(plasma) 


4-23 

0-28 

0-68 

0-89 

0-93 

2-78 


7-01 


0-96 


(serum) 


IV 


11 


41 

0-5 

0-6 
0-9 
1-0 
3  0 


7-1 

(scrum) 


V 


1-34 


3-88 

0-58 

0-76 

101 

105 

3-4 


7-28 

(serum) 


T  T  pt  ol  <'1950)  '  II.  Dole  and  Braun  (1944)  ;  HI.  Stirling 
aJi  Wcketts  (1949)';  IV.  Rafsky  rt  al.  (1950)  ;  V.  Seibert  d  al.  (1947). 

Although  there  is  a  considerable  difference  between  the  figures  of 
diffeltt'tlhors  there.!.  ge„erapgrce,ne„» 

estimated  after  prec^on  of  globulms  'h  it 

i“'?ofg™eS".etptc<l  that  the  albun, in  separated  by  that  eon- 

^■"r.::h:'oli-rendS:l;e«.nC^^^ 

with  those  of  electrophoretic  a.mlys.  ^  ^  ^nirations  of  sqdiu.n 
:ili:Ct^"gaeslertte  us:  Stes  frams  of  sodium  sulphate  per 
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100  ml.  of  aqueous  solution  for  precipitating  all  the  globulins.  He 
further  used  18*5  grams  per  100  ml.  to  })reeipitate  the  y-globulins, 
so  that  the  differenee  between  the  two  gav'e  the  a  and  ^  globulins. 

Milne  (1947)  also  used  26-8  per  cent,  sodium  sulphate  to  precipitate 
the  whole  of  the  globulins.  In  addition  he  used  19-6  per  cent,  sodium 
sulphate  and  held  that  this  precipitated  the  ^-and  y-globulins.  He 
thus  obtained  three  fractions  which  he  considered  to  be  albumin, 
a-globulin,  and  the  sum  of  the  /3-and  y-globulins. 

Kibrick  and  Blonstein  (1948)  used  15-75  per  cent.,  19-90  per  cent., 
and  27-2  per  cent,  sodium  sulphate  solutions,  to  precipitate  respec¬ 
tively  the  y-globulins,  the  ^-and  y-globulins,  and  the  whole  of  the 
globulins.  They  used  10  ml.  of  these  solutions  with  0-5  ml.  of  serum, 
at  37°  C.,  giving  final  concentrations  of  15,  19,  and  26  per  cent, 
sodium  sulphate.  This  procedure  separates  the  proteins  into  four 
fraetions,  albumin,  a,  and  y-globulins,  which  were  claimed  to 
correspond  reasonably  well  with  those  obtained  by  electrophoresis. 

Wolfson  et  al.  (1948)  used  28-0  per  cent,  sodium  sulphite  to  precipi¬ 
tate  the  globulins,  23-0  per  cent,  sodium  sulphate  to  precipitate  the 
and  y-globulins,  and  an  ammonium  sulphate-sodium  chloride 
solution  (see  below)  to  preeipitate  the  y-globulins.  Details  of  their 
method  are  given  later. 

Martin  and  Morris  (1949)  also  studied  the  precipitation  of  total 
globulin  and  concluded  that  the  use  of  26  per  cent,  sodium  sulphate 
and  the  methyl  alcohol  method  of  Pillemer  and  Hutchinson  (see 
below,  p.  164)  give  results  which  agree  with  the  separation  by  electro¬ 
phoresis,  but  that  precipitation  with  21  per  cent,  sodium  sulphite 
(Campbell  and  Hanna)  does  not.  Martin,  Morris  and  Smith  (1950) 
made  further  studies  with  sodium  sulphate,  using  13,  15,  18  and  26 
per  cent,  solutions  They  concluded  that  at  13  per  cent,  a  significant 
amount  of  y-globuhn  remains  in  solution,  and  are  of  the  opinion  that 
5  per  cent,  affords  a  rea.sonable  separation  of  the  y-globulins  and 
26  per  cent,  of  the  total  globulins. 

prpbably  too  much  to  hope  for  a  very  close  correlation  between 

electrophoresis.  At  present  it  appears 

A  ^  agreement  is  obtained  using  approximately  15  20 
and  27  per  eent.  concentrations  of  sodium  sulphSe.  The  agreement 

eacn  ot  the  fractions,  and  this  is  particularly  so  with  the  v-e-lobulins 
.s  heterogeneous,  very  close  correlation  is  not  to  be  exacted  and  the 
greater  d.vergence  in  the  case  of  pathological  sera  i^Tot  surprising 

Precipitation  of  y-Globulin  with  Ammonium  Sulphate 

V-glSta 

uii  "^LVstrni 

sodium  chloride  per  litre  Thpv  ^^^pnate  and  29-3  grams  of 
mine  the  concentration  ofy-glob^lin.  A^SlIe  o7«  m[‘°oTLl:.^tto 
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a  test  tube  by  means  of  a  micropipette  and  add  5  ml.  of  the  reagent. 
Stand  thirty  minutes  and  invert  the  tube  twice  without  shaking,  and 
immediately  read  the  turbidity  in  a  photoelectric  colorimeter  with 
the  reagent  as  blank  and  using  a  red  filter  or  transmission  at  650  milli¬ 
microns.  They  express  the  residt  in  the  units  read  from  the  standard 
curve  used  for  the  thymol  turbidity  test  (})p.  244,  463),  or  convert 
these  into  grams  per  100  ml.  as  follows  : 

grams  y-globulin  per  100  nd.  serum 


=  —  -f  0  02  (20  —  U),  where  U 
5*8 


=  units  from  thymol  turbidity 
standard  curve. 


Jager  and  Nickerson  (1948)  used  33  per  cent,  saturation  with 
ammonium  sulphate  using  a  saturated  solution  adjusted  to  pH  7  with 
dilute  ammonium  hydroxide. 


Use  of  Methyl  Alcohol  to  Precipitate  the  Globulins 

Pillemer  and  Hutchinson  (1945)  showed  that  at  0°  C.  almost  all 
the  serum  albumin  remains  in  solution  at  a  concentration  of  42-5  per 
cent,  methyl  alcohol,  in  the  pH  range  6-7  to  6*9,  and  at  ionic  strength 
about  0-03,  the  globulins  being  almost  quantitatively  precipitated 

under  these  conditions.  ,,1114. 

Reagents.  1.  Methyl  alcohol.  Add  607  ml.  methyl  alcohol  to 

393  ml.  distilled  water.  Mix,  cool  to  0°  C.  and  make  to  1  litre  with 

cold  methyl  alcohol.  „  j  lo  i  p 

2.  Acetate  buffer.  Dilute  72  ml.  of  1  M  acetic  acid  and  12  ml.  of 

M  sodium  hydroxide  to  1  litre  with  water.  .  u  +  n°  r 

Technique.  Maintain  the  serum  and  all  reagents  between  0  t.. 
and  r  C  Pipette  2  ml.  of  fresh  serum  into  a  15  ml.  conical  centrituge 
tube  and  add  1  ml.  of  acetate  buffer  with  stirring.  1  hen  add  7  ml. 
of  cold  methyl  alcohol  again  whilst  stirring.  Stand  for  ludf  an  houi 
at  0°  C  Centrifuge  at  0°  C.  or  filter  through  a  42  hatman  jiapei 
in  an  ice  box.  The  filtration  can  be  done  at  room  temperature 

provided  sufficient  filtrate  for  analysis,  about  3  ml.,  ‘Y?  Take 
Lithin  five  to  seven  minutes  after  removing  from  the  cold.  Take 
the  aliouot  for  analvsis  immediately  owing  to  the  volatility  of  the 
meth^^^^  Using  -rnial  serum  the  amou^  of  albumin 

nitrogen  per  ml.  of  filtrate  varied  from  to  M  to  1  8  mg. 

DETERMINATION  OF  PLASMA  PROlhilNS 
While  Kjeldahl  methods 

they  are  more  time  ‘jj  the  colorimetric  methods  may  not 

more  care  m  execution  ^Rhoug  sufficiently 

Thf™lue  of  the  recent  work  on  salt  fractionation  outlined  earlier 
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in  this  chapter  still  needs  establishing  as  regards  ordinary  routine 
investigations.  Practieally  the  whole  of  the  figures  in  the  literature 
are  based  on  fractionation  with  22-5  per  cent,  sodium  sulphate,  21  per 
cent,  sodium  sulphite,  or  half  saturation  with  ammonium  sulphate, 
fractionations  which  are  still  widely  used.  The  methods  given 
below  ean,  however,  be  used  with  the  other  salt  concentrations 
suggested. 


I.  Kjeldahl  Nesslerization  Method 

Reagents.  1.  Sodium  chloride,  0-9  per  cent,  solution. 

2.  Calcium  chloride,  2-5  per  cent,  solution.  Dissolve  2-5  grams  of 
the  dry  anhydrous  salt  in  water  and  make  up  to  100  ml. 

3.  Solutions  for  the  fractionation. 

{a)  For  the  ordinary  Howe  fractionation.  Sodium  sulphate, 
22*2  per  cent,  solution.  Dissolve  222  grams  of  anhydrous  sodium 
sulphate  with  warming  in  700  ml.  of  water.  Transfer  to  a  litre 
volumetric  flask  whilst  still  warm  and  make  to  the  mark  with 
water.  Keep  in  an  ineubator  at  37°  C.  A  similar  fractionation 
is  given  by  21  per  cent,  sodium  sulphite.  Dissolve  42  grams  of 
the  crystalline  salt,  NagSOg,  7H2O,  in  water  and  make  up  to 
100  ml. 

(&)  Other  salt  concentrations  can  be  used.  Thus  for  the 
fraetionation  suggested  by  Kibrick  and  Blonstein  (p.  163)  pre¬ 
pare  15-75,  19-9,  and  27-2  per  cent,  sodium  sulphate  solutions. 
Ivecp  the  two  stronger  solutions  in  the  incubator. 

given  below  is  for  the  Howe  Fractionation  in  which 
the  dilution  of  the  albumin-containing  filtrate  is  1  in  31.  Kibrick 
and  Blonstein,  however,  add  0-5  ml.  of  serum  to  10  ml.  of  each  of 
their  sulphate  solutions,  thus  obtaining  1  in  21  dilutions  of  albumin, 
a  +  a-g  obulin,  and  albumin  -\-  a-  and  ^-globulins.  The 

method  can  easily  be  adapted  to  use  this  fractionation. 

4.  Digestion  mixture.  Sulphuric  acid  together  with  some  catalvst 
is  usually  used,  the  best  probably  being  selenium  dioxide  and  potL- 
sium  persulphate.  King  et  ah  (1937)  use  the  former.  Their  digestion 
mixture  consists  of  1  :  1  sulphuric  acid  and  water  containing  1  gram 
of  selenium  dioxide  per  100  ml.  Pour  50  ml.  of  concentrated 
sulphurie  acid  v^y  slowly  with  constant  stirring  into  50  ml  of 
distilled  water.  Dissolve  1  gram  of  selenium  dioxide  n  the  mix  ure 
cool  and  make  up  to  100  ml.  with  distilled  water. 

^  S-oNesslers  reagent.  Prepare  as  described  under  blood 

6.  Standard  ammonium  sulphate  solutions 

7m  solution. 

with  distilled  water.  This  solutfon  Lntabri^ 

“7tchn%u1  m^NTer^nd 

chnique.  FoM  prote.m.  Dilute  the  plaLa  or  serum  1  to 


urea. 


{a)  Stock  solution, 


100  ml. 
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50  with  ()-9  per  cent,  sodium  chloride,  for  example,  0-5  to  25  ml., 
or  0-2  ml.  to  10  ml.  This  will  give  albumin  +  globulin  in  the  case 
of  serum  and  fibrinogen  as  well  in  the  ease  of  plasma. 

Fibrinogen.  Mix  0-5  ml.  of  plasma,  14  ml.  of  distilled  water,  and 
0-5  ml.  of  2*5  per  cent,  ealeium  chloride  solution  in  a  small  beaker 
and  allow  to  stand  in  an  incubator  at  37°  C.  until  a  clot  is  formed. 
Thirty  minutes  is  usually  sufficient  but  it  may  be  neeessary  to  leave 
longer,  even  overnight,  before  it  is  coneluded  a  elot  is  not  forming. 
Insert  a  fine  glass  rod  into  the  clot  and  by  rotating  it  collect  the  clot  on 
to  it.  Press  the  rod  against  the  side  of  the  beaker  to  squeeze  out  any 
solution  and  to  compress  the  clot.  Take  care  to  piek  up  on  the  rod 
any  small  pieces  of  clot  which  may  have  become  detached.  Dry  by 
pressing  carefully  against  a  piece  of  filter  paper.  Then  transfer  the 
clot  to  the  tube  in  which  the  digestion  is  to  be  carried  out. 

When  the  prothrombin  content  of  the  plasma  is  low,  clotting  may 
not  occur  even  though  there  is  a  normal  plasma  fibrinogen.^  Clotting 
can  then  be  brought  about  as  follows  (Lempert  (1952)  ).  To  0*5  ml. 
of  plasma  add  5  ml.  of  0*9  per  cent,  saline,  0*25  ml.  of  saline 
extract  of  dried  human  brain  (see  p.  255),  and  finally,  0*5  ml.  of  0*18 
per  cent,  calcium  chloride.  A  fibrin  elot  forms  within  a  few  minutes. 

Albumin.  Mix  0*5  ml.  of  serum  or  plasma  and  15  ml.  of  22*2  per 
cent,  sodium  sulphate  solution  in  a  suitable  tube,  eork,  and  place 
in  the  incubator  at  37°  C.  for  three  hours.  The  precipitation  with 
sodium  sulphite,  used  in  the  same  proportions,  can  be  carried  out 
at  room  temperature,  only  ten  to  fifteen  minutes  staiulmg  being 
required.  Filter,  in  the  ineubator  if  sulphate  is  usech  using  a  reten¬ 
tive  filter  paper  such  as  Whatman  42  or  44.  The  filtrate  contains 
the  albumin!  Kingsley  (1940)  adds  5  to  10  ml.  of  to  tfe 

mixture,  stoppers,  shakes  vigorously,  and  centrifuges  The  globul m 
then  forms  a  layer  between  the  ether  and  the  clear  albumi  , 

whTch  ean  be  rLioved  by  means  of  a  pipette,  the  mouth  of  which 

is  closed  whilst  inserting.  ,  ^  i  of  the 

Digestion.  Pipette  1  ml.  (=  0  02  ml.  of  plasma  or  serurn)  of  the 

diluted  serum  or  plasma  for  total  ”nel 

It  rbes”amho\hese  and  to  a  similar  tube  contains 

if  it  is  desired  to  determine  fibrinogen,  add  1  f  ^  if 

mixture.  Heat  carefully  using  a  '“"obu^  ,  later  becoming 

tTlcfs^tt  n^ttry  ro"ue  heating  fo;  approximately 
?ct minutes  aft  this  poii^t  is  reached.  T^e  ^eat  ca^  m  carrying 

out  this  digestion  (see  note  2  on  p.  Make 

Pipette  off  2  ml.  into  a  10  ml.  stoppered  measuring 

up^to  7  ml.  with  water,  or  gum  3  of  Kessler’s 

opaleseenee  or  turbidity  is  experiencec  ,  e  standard 

reagent.  Into  another  1  1. 

ammonium  sulphate  (con  ^  nil.^’of  Kessler’s  reagent, 

to  7  ml.  with  water  or  gum  g  »  ‘  nhotoelectric  colorimeter  use  a 

Read  in  the  eolonmeter.  -ijj  ^j^rons  For  this  method  it  is 

violet  filter,  transmission  440  millimicron 
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necessary  to  determine  the  non-protein  nitrogen  separately.  Also, 
check  the  reagents  by  carrying  out  a  reagent  blank. 

Calculation.  Using  the  photoelectric  colorimeter 
Mg.  total  protein  nitrogen  per  100  ml. 


Reading  of  unknown 
Reading  of  standard 


X  0  04  X 


100 

0004 


—  mg.  non-protein  nitrogen 
per  100  ml. 


Reading  of  unknown 
Reading  of  standard 


X  1,000  —  mg.  non-protein  nitrogen  per  100  ml. 


To  convert  to  grams  total  protein  per  100  ml.  serum  or  plasma, 
multiply  by  6-25  and  divide  by  1,000. 

For  albumin,  since  the  filtrate  used  is  equivalent  to  0-0323  ml.  of 
serum 

Mg.  albumin  nitrogen  per  100  ml.  of  serum  or  plasma 

Reading  of  unknown  100 

=  Reading  of  standard  ^  (V00^-'"g-  "on-protein  nitrogen 

^  per  100  ml. 

Reading  of  unknown 

=  Reading  of  standard  “  "’S'  "on-protem  nitrogen  per  100  ml. 


Again,  to  convert  to  grams  albumin  per  100  ml.  multiply  by  6-25  and 
divide  by  1,000. 

f’or  fibrinogen  since  0-5  ml.  of  plasma  was  used 
Mg.  fibrinogen  nitrogen  per  100  ml. 

_  Reading  of  unknown  100  • 

Reading  of  standard  ^  ^  ^  o-l ' 

_  Reading  of  unknown 

Reading  of  standard  ^ 


So  Mg.  fibrinogen  per  100  ml.  plasma 
_  Reading  of  unknown 
Reading  of  standard  ^ 

_  Reading  of  unknown 

Reading  of  ^ndard  ^ 


Standard  curves  should  be  prepared  to  studv  the 
lleer  s  law  is  obeyed. 


range  over  which 


0 
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Grams  total  protein  N  per  100 
ml. 

Gram.s  albumin  N  per  100  ml. 

Mg.  fibrinogen  per  100  ml. 
plasma 

Ml.  ammonium  sulphate  stan- 
<lanl  (1  ml.  =  0  04  mg.  N). 

and  albumin.  non-protem  nitrogen  in  the  case 
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Correction  f(Tr  Non-protein  Nitrogen.  The  non-protein  nitrogen  in 
most  cases  is  almost  negligible  compared  with  the  protein  nitrogen. 
If  it  is  ignored  when  it  is  within  normal  limits  the  error  introduced 
only  amounts  to  about  OTO  to  0*15  gram  per  cent,  in  the  protein 
figures.  Some  workers  have  deducted  0-15  gram  per  cent,  where  it 
is  known  there  is  no  renal  disease  and  that  the  blood  urea  is  normal. 
If  the  blood  urea  is  increased,  however,  a  large  error  may  be  intro¬ 
duced.  Thus  a  blood  urea  of  200' mg.  per  100  ml.  gives  an  error  of 
0-6  gram  per  cent.  A  correction  must  be  made  if  the  non-protein 
nitrogen  is  not  known  to  be  normal. 

II.  Wu’s  Colorimetric  Method  (Wu,  1922  ;  Greenberg,  1929  ; 

Greenberg  and  Mirolubova,  1936) 

The  proteins  are  determined  colorimetrically  by  means  of  the  Folin 
and  Ciocalteu  phenol  reagent,  which  is  held  to  react  with  the  phenol 
group  in  the  tyrosine  present  in  the  protein.  A  tyrosine  solution  is 
used  as  standard,  the  tyrosine  equivalent  of  each  protein  being 
known  from  comparison  with  Kjeldahl  determinations. 

Reagents.  1.  Sodium  chloride,  0-9  per  cent,  solution. 

2.  Solutions  for  fractionation  of  proteins.  For  the  ordinary 
fractionation  either  22-2  per  cent,  sodium  sulphate  or  saturated 
ammonium  sulphate  solution  is  used. 

3.  Sulphuric  acid,  2/3  N. 

4.  Sodium  tungstate,  10  per  cent,  solution  of  Na2W04,  2H2O. 

5.  Sodium  carbonate,  20  per  cent,  solution. 

6.  Phenol  reagent  of  Folin  and  Ciocalteu.  Prepare  as  described 
on  p.  310.  Use  the  undiluted  reagent. 

7.  Tyrosine  standard,  0-2  mg.  tyrosine  per  ml.  Dissolve  100  mg. 
tyrosine  in  N/10  hydrochloric  acid  and  make  to  500  ml.  with  the  acid. 

'  Technique.  1.  Total  Protein.  Dilute  0-2  ml.  of  serum  or  plasma 
to  3  ml.  with  0*9  per  cent,  sodium  chloride. 

2.  Albumin.  Mix  15  ml.  of  the  22-2  per  cent,  sodium  sulphate 
solution  and  0-5  ml.  of  serum  in  a  test  tube.  Shake  well,  cork,  and 
stand  in  an  incubator  at  37°  C.  for  three  hours.  Filter  through  a 
No.  42  Whatman  paper.  If  the  filtrate  is  not  clear  at  first,  return 
to  the  same  filter  paper  until  a  clear  filtrate  is  obtained.  As  before 
21  per  cent,  sodium  sulphite  solution  may  be  used  in  the  same  way 
at  room  temperature.  Globulins  may  also  be  precipitated  by 
ammonium  sulphate.  Add  2  ml.  of  distilled  water  to  0-5  ml.  of  serum 
nr  nl«snia.  mix.  and  add  2-5  ml.  of  saturated  ammonium  sulphate 


1  and  0  4  ml.  of  the  albumin-containing-filtrate  if 
is  used.  1-24  ml.  for  sodium  sulphate  or  sulphite 


diluted  serum 

^  /"v  111  I C?  1  1 1 
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stand  for  a  few  minutes,  and  centrifuge.  Remove  the  supernatant 
fluid,  add  about  5  ml.  of  water,  and  2  drops  of  20  per  cent,  sodium 
carbonate.  Mix  well  to  dissolve  the  precipitate.  Then  add  0-2  ml. 
of  the  Folin  and  Ciocalteu  reagent,  mix,  and  add  1-2  ml.  of  20  per 
cent,  sodium  carbonate.  Mix,  make  up  to  10  ml.,  and  place  in  a  water 
bath  at  37°  C.  for  fifteen  minutes.  At  the  same  time  put  up  a 
standard.  To  0-4  ml.  of  the  tyrosine  solution  add  about  5  ml.  of 
water,  0-2  ml.  of  Folin  and  Ciocalteu  reagent,  and  1-2  ml.  of  20  per 
cent,  sodium  carbonate.  Make  up  to  10  ml.  and  develop  the  colour 
in  the  same  way.  Read  in  the  colorimeter  using  a  red  filter  or  trans¬ 
mission  at  680  millimicrons. 

(b)  Fibrinogen.  Transfer  the  clot  to  a  25  ml.  stoppered  measuring 
cylinder,  add  a  few  ml.  of  water  and  3  drops  of  20  per  cent,  sodium 
carbonate  solution.  Mix  well  until  the  clot  has  dissolved.  Add 
0-5  ml.  of  the  Folin  and  Ciocalteu  reagent  and  3  ml.  of  20  per  cent, 
sodium  carbonate,  and  make  up  to  25  ml.  with  water.  Develop  the 
colour  as  before. 

Calculation.  The  tyrosine  equivalents  of  the  plasma  proteins  are  : 
1  mg.  tyrosine  is  equivalent  to  27-5  mg.  albumin,  to  25-2  mg.  globulin, 
and  to  14-4  mg.  of  fibrinogen.  For  the  photoelectric  colorimeter  we 
have 


(a)  Tc*al  Protein.  Since  0-4  ml.  of  serum  diluted  1  in  15,  is  used 
and  the  tyrosine  standard  contains  0-2  mg.  per  ml.,  that  is  0-08  mg. 
per  0-4  ml.  : 

Mg.  tyrosine  equivalent  to  total  protein  per  100  ml.  serum 


_  Reading  of  unknown 

Reading  of  standard 

Reading  of  unknown 
Reading  of  standard 


X  0-08  X 


X  300. 


15 


X  100 


I  or  the  usual  albumin-globulin  ratio  the  equivalent  for  total 
protein  is  very  nearly  26-7  mg.  per  mg.  tyrosine.  Even  at  very  high 
globulin  levels  the  error  due  to  using  this  is  not  more  than  ‘about 
1  {3er  cent,  and  so  is  not  clinically  significant.  This  gives  us 

Crrams  total  protein  per  100  ml.  serum 

_  Reading  of  unknown 

iteading  of  standard  ^  ^  X 

(b)  Albumin. 
serum.  So 

Mg.  tyrosine  equivalent  to  albumin  per  100  ml.  serum 


1  he  volume  of  filtrate  used  is  equivalent  to  0-04  ml. 


lienee 


_  Reading  of  unknown 
Reading  of  standard 
_  Reading  of  unknown 
Reading  of  standard 

:  Drams  albumin  per  100  ml.  serum 
_  Reading  of  unknown 


X  0-08  X 


X  200. 


100 

(H)4 


Reading^^)rst^dml  ^  ^  X  5-5. 
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(c)  Globulin.  This  is  obtained  by  subtracting  the  mg.  tyrosine 
equivalent  to  albumin  per  100  ml.  from  the  mg.  tyrosine  equivalent 
to  total  protein  per  100  ml.  and  multiplying  by  25-2,  or  with  the  small 
error  referred  to  above,  by  subtracting  the  grams  albumin  per  100  ml 
from  the  grams  total  protein  per  100  ml.  as  calculated  above. 

(cl)  Fibrinogen.  The  volume  of  plasma  equivalent  to  the  tyrosine 
in  the  10  ml.  final  volume  of  standard  is  0-4  ml.  Hence 
Mg.  fibrinogen  per  100  ml.  plasma 

_  Reading  of  unknown 

Reading  of  standard 
_  Reading  of  unknown 

Reading  of  standard 

A  standard  curve  can  be  prepared  as  follows 


X  0-08  X 


X  288. 


100 

(M 


X  14-4 


using 


TjTosine  equivalent  to  total  protein  per 
100  ml.  ...... 

Grams  total  protein  per  100  ml., 
factor  20 -7  . 

Tyrosine  equivalent  to  albumin  per  100  ml. 

Grams  albumin  per  100  ml.,  using  factor 
27-5  ...... 

]Mg.  fibrinogen  per  100  ml.  plasma. 

Ml.  t\TOsine  standard  (1  ml.  =  0-2  mg.)  . 

Add  to  this,  10  ml.  water,  0-5  ml.  Folin  Cioealteu  reagent,  3  ml.  of  20  per  cent, 
sodium  carbonate  solution,  and  make  up  to  25  ml.  with  water.  Mix,  and  develop 
the  colour  as  described  for  the  test. 
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If  only  albumin  and  globulin  are  required  it  is  better  to  use  serum. 
If  fibrinogen  is  needed  as  well,  plasma  must  be  used  and  the  tyrosine 
equivalent  of  the  fibrinogen  subtracted  before  calculating  the  albumin 
and  globulin.  Fibrinogen  is  precipitated  with  the  globulins. 

This  is  a  convenient  and  simple  method,  but  is  open  to  some 
objections.  The  amount  of  colour  obtained  from  a  given  amount  of 
protein  tends  to  diminish  on  keeping  the  serum  or  plasma.  It  is 
advisable  to  make  a  practice  of  carrying  out  the  determination  during 
the  twenty-four  hours  following  taking  the  blood  though  little 
alteration  would  appear  to  occur  for  an  appreciably  longer  period. 
It  is  important  that  the  amounts  of  phenol  reagent  and  alkali  be 
adhered  to,  or  the  figures  for  tyrosine  equivalence  will  not  apply. 
P^irthermore,  this  is  obviously  a  highly  empirical  method.  The 
figures  for  the  tyrosine  equivalents  apply  to  normal  albumin  and 
globulin,  and  are  not  necessarily  valid  for  abnormal  jiroteins.  Good 
agreement  wdth  the  Ivjeldahl  method  is  obtained  except  when 
abnormal  jiroteins  are  present  such  as  those  in  nuiltiple  myeloma, 
but  although  there  may  be  considerable  divergence  in  these  cases  this 
does  not  affect  the  clinical  significance  since  a  marked  increase  in 
globulin  is  shown  by  both  methods. 

J  III.  The  Biuret  Method 

This  method  uses  the  colour  [iroduccd  by  treating  diluted  serum 
or  plasma  with  a  biuret  reagent  containing  copper  sulphate,  I  his 
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is  matched  against  standard  protein  solutions  similarly  treated. 
Many  papers  have  been  published  on  this  method  among  which  the 
following  may  be  noted,  Kingsley  (1942),  Mehl  (1945),  M  eichselbaum 
(1946),  Gornall  et  al.  (1949).  Wolfson  et  al  (1948)  have  applied  the 
method  to  the  fractionation  of  the  serum  globulins.  They  use  28  per 
eent.  sodium  sulphite  (giving  a  final  coneentration  of  26-88  per  eent.) 
to  precipitate  all  the  globulins,  23  per  cent,  sodium  sulphate  (final 
eoneentration  21-16  per  cent.)  to  precipitate  the  /S  and  y  globulins, 
and  an  ammonium  sulphate-sodium  ehloride  solution  to  precipitate 
the  y  globulins.  Fraetionation  can  be  earned  out  with  the  sodium 
sulphate  solutions  aceording  to  Kibriek  and  Blonstein  (p.  165).  The 
method  ean  also  be  used  with  the  original  Howe  fraetionation  using 
22-2  per  eent.  sodium  sulphate  to  separate  the  albumin  from  the 
globulin,  or  with  the  21  per  eent.  sodium  sulphite  of  Campbell  and 
Hanna,  but  as  stated  above  a  eonsiderable  proportion  of  the  a- 
globulin  will  then  be  included  with  the  albumin. 


Method  of  Wolfson,  Cohn,  Calvary,  and  Ichiba  (1948) 

Reagents.  1.  Sodium  sulphate,  23  per  eent.  solution.  Dissolve 
23  grams  of  the  anhydrous  salt  in  distilled  water,  make  to  100  ml. 
and  keep  at  37°  C. 

2.  Sodium  sulphite,  28  per  eent.  solution.  Dissolve  28  grams  of 
the  anhydrous  salt  in  distilled  water  at  28°  C.,  make  to  100  ml.  and 
keep  at  room  temperature. 

3.  Sodium  ehloride-ammonium ‘sulphate  solution.  Dissolve  193 
grams  of  ammonium  sulphate  in  about  500  ml.  of  distilled  water, 
add  40  grams  of  sodium  ehloride,  dissolve  and  make  up  to  a  litre! 
Keep  at  room  temperature. 

4  Biuret  reagent  (Weiehselbaum,  1946).  First  dissolve  45  grams 
of  Roehelle  salt  in  about  200  ml.  of  N/5  sodium  hydroxide  Then 
add  5  grams  of  eopper  sulphate  (CuSO^,  5H,0),  and  when  this  has 
dissolved  add  5  grams  of  potassium  iodide,  and  finally  make  to  a  litre 

with  the  N/5  sodium  hydroxide.  Keep  in  a  waxed  glass  bottle  with 
a  rubber  stopper. 

®'  fy®''  reagent.  Mix  1  ml.  of  Span  20  (Messrs.  Honeywill 

Sfer  ■’  .5  Square,  London,  S.W.l)  and  09  inl.  of 

tightly  foiled  "'*•  Keep 

Technique,  l.  Serum  Total  Protein  Dilute  o.‘>  ml 

~  "Hi  :*  .5 
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known  protein  content  so  as  to  obtain  a  solution  containing  400  ing. 
protein  })er  100  nil.  Set  up  the  following  tubes  ; 


Grams  protein  per  100  ml.  serum  .  .  .  0  2  4  0  8  10 

Ml.  standard  protein  solution  (400  mg.  per 

100  ml.) .  0  0-6  .  1-2  1-8  2-4  3  0 

Ml.  distilled  water  .....  3  2-4  1-8  1-2  0-6  0 

Add  3  ml.  biuret  reagent  to  each  and  read  as  described  above. 


The  result  is  then  read  directly  from  this  curve. 

2.  Serum  Albumin  plus  <x-Globulin.  Add  0-2  ml.  serum  to  2-3  ml. 
of  23  per  cent,  sodium  sulphate.  The  authors  recommend  the  use  of 
a  small  tube  graduated  at  2-3  ml.  for  measuring  out  the  sulphate 
since  the  salt  tends  to  crystallize  out  when  the  solution  is  pipetted. 
Add  to  the  mixture  1  ml.  of  ether,  shake  well,  centrifuge,  withdraw 
1-5  ml.  of  the  cleat  aqueous  layer,  add  1-5  ml.  of  distilled  water  and 
3  ml.  biuret  reagent,  mix,  stand  thirty  minutes  and  read  as  for  the 
total  protein,  using  the  same  blank.  The  result  is  read  from  the  same 
st s.'iiidfird  curve* 

3.  SerurA  Albumin.  Add  0-2  ml.  serum  to  4-8  ml.  of  28  per  cent, 
sodium  sulphite  and  mix  thoroughly  by  inverting.  Add  1  ml.  of 
Span  ether  reagent  and  shake  well  for  half  a  minute.  Centrifuge  and 
carefully  withdraw  3  ml.  of  the  aqueous  phase  and  add  to  it  3  ml. 
of  biuret  reagent.  Read  after  thirty  minutes  using  as  blank  a 
mixture  of  3  ml.  of  the  sulphite  solution  and  3  ml.  of  biuret  reagent. 

The  result  again  is  read  directly  from  the  above  curve. 

4  Serum  y-Globulin.  Measure  9-6  ml.  of  the  sodium  chloride- 
ammonium  sulphate  solution  into  a  15  ml.  centrifuge  tube.  Layer 
0-4  ml.  of  serum  on  top  and  mix  by  slow,  careful  inversion  until  the 
turbidity  appears  to  have  reached  a  maximum.  Mhile  still 
RiLougWy  Sixed,  remove  1  ml.  and  discard.  Cork  the  tube  and 
centrifLe  for  half  an  hour  at  about  2,500  r.p.m.  If  the  supernatant 
fluid  is  sRll  not  quite  clear,  cool  in  running  cold  water  and 
again.  For  accurate  results  the  supernatant  fluid  must  be  cry  stal 
clear  Carefully  pour  off  most  of  the  supernatant  fluid  without 
disturbing  the  precipitate,  centrifuge  again  for  a  few  minutes  care- 

fullv  invfrt  and  stand  on  a  filter  paper  to  dram  f 

Add  3  ml  of  the  biuret  reagent  and  3  ml.  distilled  water, 

L’nd  shake  virouliy  for  half  a  niute.  Stand  fifteen  minutes 
centrifuge  to  clear  ’'^^od  not  less  than  thirty  minutes. 

a!  b"n  Ktu  O  V::i.  rfwater  and  8  ml.  of  biuret  reagent 
Rrad  th^grams  protein  per  100  ml.  on  the  abop  standard  curve  and 

divide  by  three  to  obtain  the  from  the 

Total  globulin  is  obtained  by  siibtra^^^^  albumin-globulin  ratio, 
total  protein  and  is  used  to  albumin  from  the 

oi-globulin  is  obtained  f  o  plus  v-globulin  is  obtained 

sefum  albumin  plus  -g^^buhn  Serum^^^^p W 

by  subtracting  the  the  v-globulin  from  this, 

the  HlobuUn  by  subtractmg 

In  this  way  four  fractions,  albumin,  a,  p  anu  y  g 


PLASMA  PROTEINS 


173 


IW  Copper  Sulphate  Specific  Gravity  Method  (Pliillips,  Van  Slyke, 
Dole,  Emerson,  Hamilton,  Archibald  1945) 

A  graded  series  of  copper  sulphate  solutions  covering  a  convenient 
range  of  specific  gravities  is  prepared  and  the  specific  gravity  of 
whole  blood,  serum,  or  plasma,  is  ascertained  by  allowing  drops  to 
fall  into  these  solutions  under  carefully  controlled  conditions  and 
observing  if  they  rise,  fall,  or  remain  suspended.  From  the  specific 
gravity  thus  determined,  tlie  total  protein  content  of  serum  or  plasma 
can  be  read  from  ])reviously  prepared  diagrams.  By  determining  the 
specific  gravity  of  both  plasma  and  whole  blood  and  doing  hjemato- 
crits,  values  for  haemoglobin  can  be  obtained. 

On  entering  the  copper  sulphate  solution  the  drop  becomes  sur¬ 
rounded  with  a  layer  of  copper  proteinate,  remaining  as  a  discrete 
drop  without  changing  its  gravity  for  fifteen  to  twenty  seconds.  . 
During  that  time,  whether  it  falls  or  rises  shows  whether  its  specific 
gravity  is  higher  or  lower  than  that  of  the  solution.  A  constant  size 
of  drop  is  not  necessary  and  no  correction  for  temperature  has  to  be 
applied  since  the  coefficients  of  expansion  of  the  copper  sulphate 
solutions  and  of  plasma  and  of  blood  are  sufficiently  near  to  each 
other. 

P’or  precise  work,  for  plasma,  twenty  solutions  are  used  covering 
the  range  of  specific  gravity  1016  to  1-035.  For  whole  blood  forty 
solutions  are  used  over  the  range  1-036  to  1-075. 


Preparation  of  the  Copper  Sulphate  Solutions 

Two  methods  have  been  used  for  preparing  the  standard  copper 
sulphate  solutions  from  which  the  series  is  made.  In  one,  a  saturated 
solution  at  a  carefully  measured  temperature  is  prepared,  and  then 
diluted  to  give  the  standard  used.  In  this  case  the  quality  of  the 
copper  sulphate  used  is  not  so  important  and  no  weighing  is  necessary. 
In  the  other  method  a  carefully  weighed  amount  of  copper  sulphate^ 
exactly  CUSO4,  SllgO  in  composition,  is  dissolved  in  water  and  made 

up  exactly  to  a  certain  volume.  Both  these  methods  will  be 
described. 


(a)  Using  a  Saturated  Solution.  Place  about  4  lb.  of  crystalline 
copper  sulphate  (fine  crystals  or  powder),  fine  enough  to  pass  through 
a  -O-mesh  sieve,  into  a  4-litre  bottle  and  add  2i  litres  of  water  at 
room  temperature.  Stopper  and  shake  vigorously  for  five  minutes 
II  there  are  sips  of  tiring  pass  the  bottle  to  a  second  persT  to 
continue  the  shaking.  At  the  end  of  five  minutes  put  the  bottle 
down,  immediately  insert  a  thermometer  and  read  the  temneratnre 
b“ota:  the  bulk  oflhe  eryS  in 

fuimel’  f.li:7wX;Zfon;' 

nittSr„m‘?abS  to^-'SSrlt 

Measure  the  necessary  amount  into  a  litre  flask  usiiur  «  1 

u  mix.  :5tancl.  A  little  shrinkage  m  volume  occurs. 
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Table  XIIT 

ML  Saturated  Copper  Sulphate  Solution  to  be  Diluted  to  1  litre  to  give 

the  Stock  Standard 


°c.  ..... 

100 

10-5 

110 

11-5 

12  0 

12  5 

13  0 

13-5 

14  0 

Ml.  of  solution  to  dilute  to  1 
litre  .... 

587 

581 

575 

509 

503 

557 

552 

540 

541 

O/' 

V  •  •  •  •  •  • 

14-5 

150 

15  5 

10  0 

10-5 

170 

17-5 

180 

18-5 

Ml.  of  solution  to  dilute  to  1 
litre  .... 

530 

531 

527 

522 

518 

514 

509 

505 

501 

°C . 

190 

19-5 

20  0 

20  5 

21  0 

21-5 

220 

22  5 

230 

Ml.  of  solution  to  dilute  to  1 
litre  .... 

497 

493 

489 

485 

481 

477 

474 

470 

400 

°C . 

23-5 

24  0 

24  5 

250 

25  5 

200 

20-5 

27  0 

27-5 

Ml.  of  solution  to  dilute  to  1 
litre  .... 

403 

459 

450 

453 

450 

440 

443 

440 

438 

O/^ 

280 

28-5 

29  0 

29-5 

30  0 

30-5 

310 

31  5 

320 

Ml.  of  solution  to  dilute  to  1 
litre  .... 

435 

432 

429 

427 

424 

421 

418 

415 

412 

so  after  standing  a  minute  make  up  to  the  mark  again  and  mix. 
Transfer  to  a  4-litre  bottle  and  prepare  further  solution  until  4  litres 
have  been  obtained.  The  specific  gravity  should  be  MOO 

The  important  points  in  the  preparation  of  the  saturated  solution 
are  that  the  copper  sulphate  should  be  fine  enough  should  be  m 
sufficient  excess,  and  that  the  temperature  should  be  read  immediately 
the  five  minutes  shaking  is  ended.  If  the  temperature  is  measured 
to  the  nearest  0-5°  C.,  standards  for  plasma  gravities  accurate  nithin 

^(6)”Ac^cSe’mighing  of  the  Copper  Sulphate.  The  stock  copper 
sulphate  solution  of  gravity  Dg  =  MOO  can  be  prepared  by 


Preparation  of  the  Sets  of  Copper  Sulphate  Standards 

Fnr  serum  or  plasma  specific  gravities  dilute  asjollowsj _  _ 

- - - 

Ml.  of  solution  of 

S.G.  1-100  to  dilute  to 
100  ml. 

Ml.  of  solution  of 

Specific  Gravity 

Specific  Gravity 

S  G.  1-100  to  dilute  to 
100  ml. 

1015 

1016 

1-017 

1-018 

1-019 

1-020 

1-021 

1-022 

1-028 

1-024 

14- 26 

15- 25 

16- 24 

17- 23 

18- 22 

19-21 

1  20-20 

,  21-19 

22- 17 

23- 15 

1-026 

1-027 

1-028 

1-029 

1-030 

1-031 

1  -032 

1-033 

1  -034 

1-035 

25  12 

26-10 

27- 08 

28- 06 

29- 04 

30- 00 

31- 00 

32- 00 

33- 00 

34- 00 

1-025 

24-14 
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accurately  weighing  the  necessary  amount  of  copper  sulphate. 
Either  dissolve  159-0  grams  of  pure  crystals  in  water  and  make  up 
to  a  litre  at  25°  C.,  or  mix  a  weighed  amount  of  crystals  with  a 
measured  volume  of  water  providing  5-897  grams  of  water  for  each 
gram  of  crystals  ;  170  grams  to  1002-4  grams  of  water  is  convenient. 
The  eopper  sulphate  must  have  the  exact  composition,  CUSO4,  5H2O. 
On  heating  2  or  3  grams  in  open  Pyrex  weighing  bottles  at  300°  to 
350°  C.  to  constant  weight  (two  to  three  hours),  the  loss  in  weight 
should  be  36-6  d:  0-2  per  cent.  Crystals  can  be  recrystallized  from 
hot  water  and  dried  at  room  temperature.  Check  the  specific  gravity 
of  the  solution  by  accurate  weighing. 

Anticoagulants.  Heller  and  Paul’s  Oxalate  Mixture.  Dissolve 
2  grams  of  potassium  oxalate  and  3  grams  of  ammonium  oxalate  in 
250  ml.  water.  This  is  devised  to  have  little  effect  on  the  cells.  Use 
2  mg.  per  ml.  blood.  Heparin  may  be  used,  0-2  mg.  per  ml.  blood, 
and  is  the  more  satisfactory.  Serum  is  preferred  and  should  be  used 
when  this  is  possible. 

Technique.  In  collecting  the  blood  specimen  do  not  apply  a 
tourniquet  for  more  than  one  minute. 

Allow  the  serum  or  plasma  to  fall  from  a  height  of  about  1  centi¬ 
metre  above  the  solution.  A  syringe  needle  is  suitable.  If  small 
drops  are  used  the  standard  solution  lasts  longer.  In  delivering  the 
drop  steady  the  needle  or  pipette  on  the  edge  of  the  bottle.  The 
drop  passes  some  2  to  3  cm.  below  the  surface.  Within  five  seconds 
the  original  momentum  is  lost  and  the  drop  is  then  seen  to  continue 
to  fall,  to  become  stationary,  or  to  start  to  rise.  Some  fifteen  to 
twenty  seconds  in  all  are  available  to  observe  its  behaviour  before  the 
specific  gravity  of  the  drop  begins  to  change.  It  is  thus  the  behaviour 
of  the  drop  during  the  period  five  to  fifteen  seconds  after  its  release 
which  IS  crucial  and  must  be  observed  carefully.  If  the  relative  rate 
of  fall  or  rise  of  two  consecutive  solutions  is  noted  it  is  often  possible 
to  decide  to  which  one  the  serum  or  plasma  is  nearer. 

Points  to  Note.  If  a  drop  fails  to  pass  cleanly  through  the  surface 
lilin  and  remains  attached  to  it  by  a  tentacle,  detach  bv  shaking 
gently,  and  repeat.  Even  a  minute  air  bubble  attached  to  the  drop 
o  serum  or  plasrna  eauses  it  to  float  and  again  it  is  necessary  to  repeat 

Avoid  eonvection  currents  in  the  standard  solutions  so  allow  these 
to  adjust  to  the  temperature  of  the  room,  and  keep  out  of  currents  of 
air  hot  or  cold,  and  hold  bottles  by  the  top  above  the  liquid 

Up  to  one-fortieth  of  its  volume  of  serum  or  plasma  (or  bloodl  can 
standard  before  its  speeific  gravity  is  altered  by  0-0005 

le  lZZlt  ml.  oAtandard  sho^Lw  Z 

oe  sunicient  lor  100  tests  if  small  drops  are  used. 

eal<:dX?ro„>  threqullr*""  - 

Plasma  protein  concentration  in  grams  per  cent. 

=  360  (plasma  S.U.  —  1-0070) 

I'OOTO  is  tl.e  specific  gravity  of  i.rotein-frec  plasn.a  .dtraliltrate. 
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Using  this  formula  we  get  the  following  relation  between  specifie 
gravity  and  total  protein  : 


S.G.  plasma 

Protein 
gm.  per  cent. 

S.G.  plasma 

Protein 
gm.  per  cent. 

S.G.  plasma 

Protein 
gm.  per  cent. 

1-015 

2-88 

1-022 

5-40 

1-029 

7-92 

1-016 

3-24 

1-023 

5-76 

1-030 

8-38 

1-017 

3-60 

1-024 

6-12 

1-031 

8-64 

1-018 

3-96 

1  1-025 

6-48 

1-032 

9-00 

1-019 

4-32 

1-026 

6-84 

1-033 

9-36 

1-020 

4-68 

1-027 

7-20 

1-034 

9-72 

1-021 

5-04 

1-028 

7-56 

1-035 

10-08 

It  should  be  noted  tnat  otner  lormuiae  nave  oeen  useu.  m  camci 
work  343  was  used  instead  of  360,  being  obtained  from  observations 
on  nephritie  patients.  Later  a  figure  of  377  was  obtained  from 
normal  j)atients  by  comparing  with  macro  Kjeldahl  estimation  and 
a  figure  of  360  from  miscellaneous  hospital  patients.  This  latter, 
also  obtained  by  some  other  workers,  was  finally  adopted.  However, 
Hoch  and  Marrack  (1945)  have  used  364  (S.G.  plasma  1-006)  which 
gives  values  about  0-4  per  cent,  higher  than  the  above. 

The  error  in  most  tvpes  of  normal  and  pathological  cases  varies 
from  ±  0-3  gram  }ier^l00  ml.  ;  in  severe  nephrosis  and  nephritis, 
errors  up  to  ±  0-6  gram  per  cent,  may  be  found 

For  hemoglobin  determinations  a  series  of  forty  cojiper  sulphate 
solutions  are  required  with  specific  gravities  from  1-036  to  1-075 
Thev  are  ]irepared  by  diluting  the  stock  solution  of ^ 
1-1 00  as  follows  :  S.G.  1-036,  35  ml.  to  100  ml  ;  S.G.  U03.,  36  mb 
to  100  ml.  and  so  on.  Line  charts  are  available  for  reading  off  the 
hemoglobin  from  plasma  and  whole  blood  specific  gravities,  lor 

these  see  the  original  papers. 

Separation  of  Proteins  by  Paper  Electrophoresis 

A  dmole  aimaratus  for  qualitative  and  rough  quantitative  frac- 

the  length  of  the  and  1-84  grams  diethyl- 

(10-3  grams  ^  \  is^daced  in  all  compartments  except  the 

barluturic  acKl^  pcr  1  t  compartments, 

centre  one.  Carbon  elec  compartments  which 

The  filter  jiaper  strips  dip  J ^  to  the  eompart- 

are  connected  electi  ical  \  )  <  ^  q’his  arrangement  prevents  ;dl 
„,ent.s  affecting  tlie  ffmer  coinpartincnts. 

The'ito  paper  ^tHps  are  suspended  o^•er  a  stainless  steel  w,re. 
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Fio.  :3(i.  Aj>paratus  for  Paper  Eleetrophorcsis  (Elynn  and  .Mayo).  {The  Lancet.) 

r. 


tiG.  37.  Apparatus  for  Paper  Electrophoresis  (Shandon  Scientific 


Co.). 


Tlie  tank  stands  on  the  box  containing  the  electric  power  unit 
\\  iich  IS  mounted  on  levelling  screws  so  as  to  keep  the  liquid  at  the 
same  level  m  the  four  compartments.  This  unit  takes  A  C  from  the 
nminsand  supphes  D.C  up  to  150  volts  and  15  milliampl 

le.lVnf  solution  is  placed  in  the  four  compartments  to  the 

serum  or  plasma  is  applied  at  the  anev  nf  ‘  ^ 

of  about  120  volts  a,,plie<l  for  about  tweiity  hours’’  “'fter 

methyl  alcohol  solution  containing  lo  per  cent,  acetic  aei^l  VC 


N 
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draining  they  are  washed  free  from  exeess  dye  in  successive  baths  of 
fresh  methyl  alcohol — acetic  acid.  When  the  background  is  pale 
blue  the  strips  are  given  a  final  washing  in  methyl  alcohol  only,  to 
remove  acetic  acid,  and  dried  in  a  current  of  warm  air.  A  separation 


(4 


+ 

— 

I 

A  ol,  F  r 


POSITION  OF  PPOTEIMS 


(a)  BEFORe  AND 


(b)  after.  ELECTROPHoRfeSiS 
A  ,  AueuMiM  *,  ot,  yj  y  correspohoing- 
GLOBULINS  ;  F  FIBRINOGEN. 

Fig.  38.  Example  of  Paper  Eleetrophosires. 

of  10  to  12  cm.  is  obtained  between  the  albumin  and  the  y-globulin 
as  shown  in  Fig.  38. 

PLASMA  PROTEINS.  INTERPRETATION 

Total  plasma  proteins  average  just  over  7  grams  per  cent.,  Mit 
ranse  from  6-3  to^ 7-9.  The  ranges  for  the  mam  constituents  are  given 
a  little  differently  by  different  workers  but  may  be  taken  to  be 

something  like  : 

Albumin  .  .  8-6  to  5-8  per  100  m  . 

Globulin  .  .  1-4  to  8-1  per  100  ml. 

Fibrinogen  .  200  to  100  mg.  per  100  ml. 

about  1-5.1,  most  irequcunj^  e  flip  Howe  22-2  per  cent. 

fr,  Flip  nresent  refer  to  fractionation  using  tne  now  c  i 

up  to  the  prescnyeie  ^  ammonium  sulphate,  or  21-5 

sodium  sulphate,  half  higher  concentration  of 

per  cent,  sodnun  f  “^‘'^^ted  it  would  seem  that  values 

sodium  sulphate  should  .,nd  those  for  fflobulin  a  little  higher, 

for  albumin  will  be  rather  lower,  The  albumin- 

than  those  given  by  methods  used  u  to  ^ese^ 
globulin  ratio  will  also  average  a  little  lower,  as 

electrophoretic  fractionation.  .proteins  in  disease  we  shall  deal 

In  considering  variations  in  P^'^T^iobulin  leaving  fibrinogen  to  be 
first  with  changes  in  albumm  i„creJ  in  total 

dealt  with  later.  Tto  both  albumin  and  globulin 

proteins  may  occur  m  ^®‘  ®  ^„Ventration,  so  that  the  albumin- 
are  increased  becau.se  of  the  _  ,  ^  ^1*  ^s^se  in 

globulin  ratio  '  Ipart  tor  tlfese  cases,  an 

Is-r  1  s-  ‘  . .  ■" 
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or  more  of  the  globulin  components  ;  the  albumin  either  remains 
normal,  or  is  reduced  to  a  smaller  extent  than  the  globulin  is  increased. 
As  a  result  the  albumin-globulin  ratio  falls,  sometimes  markedly. 
Lou:  total  proteins  are  always  due  to  a  low  albumin  level,  which  is 
accompanied  either  by  no  increase  in  globulin,  or  by  an  increase  which 
is  less  than  the  fall  in  albumin.  Again  reduced  albumin-globulin 
ratios  are  found.  A  low  serum  albumin  may  be  due  to  a  heavy  loss 
of  albumin  in  the  urine,  to  decreased  formation  in  the  liver,  to 
increased  catabolism  of  protein,  or  to  insufficient  protein  in  the  food. 
It  will  be  seen  that  a  fall  in  albumin  and  a  rise  in  globulin  may  almost 
cancel  each  other,  in  which  case  the  albumin-globulin  ratio  is  appreci¬ 
ably  reduced  although  the  total  protein  remains  within  normal 
limits. 

A  reduction  in  the  total  protein  is  one  of  the  causes  of  oedema. 
The  plasma  colloid  osmotic  pressure,  termed  the  oncotic  pressure, 
mainly  due  to  the  plasma  proteins,  counteracts  the  effect  of  the 
capillary  blood  pressure,  which  tends  to  force  water  into  the  tissue 
spaces.  When  the  plasma  proteins  are  reduced  sufficiently,  the  fall 
in  oncotic  pressure  is  such  that  water  is  able  to  jiass  from  the  plasma 
into  the  tissue  spaces  and  so  give  rise  to  oedema.  Whilst  no  hard  and 
fast  figures  can  be  given,  owing  to  the  operation  of  other  factors, 
oedema  formation  is  probable  when  total  protein  falls  below  about 
5  per  cent,  and  albumin  below  about  2  5  per  cent.  This  type  of 
oedema  is  often  known  as  nephrotic  oedema  since  it  is  found  in 
nephrosis,  in  which  condition  the  heavy  loss  of  albumin  in  the  urine 
leads  to  low  serum  albumin  levels,  which,  whilst  usuallv  in  the  region 
of  2  to  2-5  per  cent.,  may  be  as  low  as  1  per  cent,  and  under. 

Plasma  protein  may  also  be  appreciably  reduced  with  low  albumin 
levels  m  conditions  in  which  there  is  severe  hemorrhage,  both  acute 
and  chronic,  particularly  the  former.  The  plasma  volume  is  restored 
more  quickly  than  the  plasma  protein,  which  mav  take  some  time  to 
be  brought  back  to  normal.  A  similar  effect  is‘  observed  in  shock 
whether  post-operative,  following  extensive  burns,  or  traumatic  as 
m  crush  injuries.  In  all  these  conditions  there  is  a  negative  nitrogen 
balance  due  to  greatly  increased  protein  breakdown,  and  increase  in 
Wood  urea  may  be  found.  The  patient  loses  considerable  anrunts 
of  nitrogen  in  the  urine,  about  20  grams  commonly  and  np  to  and 
over  .30  grams  occasionally.  A  similar  excessive  breakdown  of 
pro  ein  oceurs  in  the  febrile  stage  of  acnte  infectious  diseases  There 

anfoiMTeTh™""'  diabetes  mellitu: 

be  a  factor  in  causing  oedema  in  liver  disease  huf  V  1  albumin  may 
that  in  ascites  large\mounts  of  pfotermay  pa  rto  Hie"  '“‘f-" 
fluid  If  this  IS  tapped  at  intervals  there  is  I  loss  of  nrotl? 
also  help  to  produce  a  low  plasma  protein.  In  seve^Tlr  ' 

although  albumin  may  be  found  to  L  low  with  a  low  tni  i 

It  is  more  common  for  the  globulin  to  be  increased 

protein  is  often  normal  or  increased.  "^creased  so  that  total 
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An  insufficient  amount  of  protein  in  the  diet  may  also  lead  to  a 
low  plasma  albumin,  with  a  low  total  protein  also.  This  is  the  case 
in  starvation,  with  hunger  oedema  a  possible  consequence.  In 
other  cases,  although  adequate  protein  is  being  taken  in  the  food, 
absorption  from  the  alimentary  tract  may  be  defective.  This  may 
occur  in  malignant  disease  of  stomaeh,  intestine,  and  pancreas,  in 
])eptic  ulcer,  in  enteritis,  in  sprue  and  other  steatorrhoeas,  and  in 
vitamin  deficiencies  particularly  of  the  B  vitamins. 

As  regards  increases  in  total  protein,  the  increase  in  dehydration 
referred  to  above  may  be  seen  in  all  conditions  in  which  this  arises, 
jjarticularly  if  it  develops  rapidly.  But  other  factors  may  be  present 
which  counteract  the  effect  of  the  dehydration.  Thus  vomiting  and 
diarrhoea  may  cause  impaired  absorption  from  the  intestine. 

Increase  in  globidin  occurs  most  commonly  in  advanced  liver 
disease,  in  multiple  mveloma,  and  in  a  number  of  chronic  infections. 
In  severe  liver  disease  the  globulin  is  often  between  3  and  6  grams 
per  100  ml.,  the  increase  being  mostly  in  the  y-globulin.  Since  the 
albumin  is  usually  in  the  lower  part  of  the  normal  range  or  reduced, 
the  albumin-globulin  ratio  is  often  well  below  one. 

Considerable  interest  has  centred  in  the  plasma  proteins  in  multiple 
myeloma.  An  increase  in  total  protein  is  found  in  just  over  half  the 
cases,  due  entirely  to  an  increase  in  the  globulin  fraetion.  Most 
often  these  have  a  total  protein  of  8  to  12  grams  per  cent,  with  a  few 
even  higher.  Gutman  and  his  co-workers  (1941)  have  studied  this 
condition  and  find  considerable  differences  in  the  type  of  globulin 
responsible  for  the  increase.  In  one  group  the  increase  was  mainly 
in  y-globulin,  in  a  second  group  more  various  patterns  were  seen 
with  Bence-Jones  protein  present  in  some  eases  and  ^-globulins  in 
others  Albumin  was  often  low  in  these  two  groups.  In  a  third 
group  essentially  normal  patterns  of  protein  components  were  found. 

An  ’increased  globulin  may  be  observed  in  a  considerable  number 
of  chronic  infections.  These  include  rheumatoid  arthritis,  tuber¬ 
culosis  subacute  bacterial  endocarditis,  kala-azar,  lymphopathea 
venerum,  Boeck’s  sarcoid,  periarteritis  nodosa,  and  lupus  erythe- 
matosis  disseminatus.  In  most  cases  the  increase  in  globulin  is  small 
to  moderate  in  amount,  though  quite  considerable  ones  have  been 
recorded  in  kala-azar  and  lymphopathia  venerum. 

For  a  full  discussion  of  the  variations  m  plasma  proteins  m  disease, 
the  reader  is  referred  to  Gutman  (1948),  Marrack  and  IIocli  (1949) 
and  to  Muntwyler  (1945)  where  extensive  references  to  this  subject 

'^^nbrinogen.  Estimations  of  plasma  fibrinogen  have  not  jiroved  of 

(Treat  value.  Like  albumin,  fibrinogen  appears  to  be  formed  m  the 
great  ^  a  diseases  that  a  low  jilasma  fibrinogen 

^Itimes  Te^  for  exm  in  acute  vellow  atrophy,  phosphorus 
severe  arsphenamine  jaundice.  Congenital  deficiency 
poisoinng,  c  described  so  that  the  blood  does  not  clot 

tecau™'of  the  absence  of  fibrinogen.  In  contrast  to  most  otlier 
because  o  reduced  fibrinogen  is  found  in  typhoid  fever. 

‘“"lncre"ases  are  found  in  most  acute  i..feetions,  particularly  m 
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pneumonia  and  rheumatic  fever,  and  in  tuberculosis.  Fibrinogen  is 
the  component  of  jilasma  which  has  the  greatest  effect  in  increasing 
the  red  cell  sedimentation  rate  which  is  thus  much  increased  in 
conditions  with  raised  plasma  fibrinogen  levels.  Hence  the  extensive 
use  of  the  sedimentation  rate  in  rheumatic  disease  and  in  tuberculosis 
in  assessing  the  severity  and  course  of  the  condition.  Increases  in 
fibrinogen  have  been  observed  in  nephrosis  a'nd  there  is  a  tendency 
for  there  to  be  a  slight  increase  in  pregnancy. 

Cryoglobulin.  A  few  instances  have  been  re])orted  of  the  presence 
in  the  plasma  of  a  globulin  which  solidifies  when  the  plasma  is  allowed 
to  cool  to  room  temperature  and  liquefies  again  on  w'arming  to 
37°  C,  This  process,  w’hich  occurs  slowly,  can  be  repeated  indefinitely. 
The  term  cryoglobulin  has  been  given  to  this  protein.  It  has  been 
found  in  a  case  of  multijile  myeloma  by  Blades  (1951),  who  gives 
references  to  other  cases.  See  also  the  paper  bv  MacFarlane  et  al. 
(1952). 

One  consequence  of  the  presence  of  cryoglobulin  is  that  it  is  difficult 
to  separate  plasma  or  serum  at  room  temperature.  This  can  easilv  be 
done  at  37°  C. 
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CHAPTER  XII 


LIPIDS 

The  term  fats  or  lipids  includes  several  groups  of  substances  : 

1.  Simple  fats,  the  esters  of  the  fatty  acids  with  glycerol.  The 
term  oil  is  given  to  those  fats  which  are  liquid  at  ordinarv  tempera¬ 
tures,  for  example  olive  oil,  cod-liver  oil.  These  should*  be  distin¬ 
guished  from  mineral  oils  such  as  liquid  paraffin,  which  are  hydro¬ 

2.  The  phospholipids  or  phosphatides.  These  include  lecithins 
cephalins,  and  sphingomyelins,  which  give  on  hydrolysis,  fattv  acids’ 
phosphoric  acid,  an  alcohol  (most  commonly  glycerol)  and  a  base 
containing  nitrogen,  such  as  choline  or  ethanolamine. 

3.  The  eerebrosides,  which  do  not  contain  phosphorus  and  give  on 
hydrolysis,  fatty  acids,  an  alcohol,  and  a  carbohydrate. 

4.  Sterols  such  as  cholesterol,  which  do  not  resemble  fats 
chemically,  but  arc  soluble  in  similar  solvents. 


CHOLESTEROL 

Cholesterol  present  m  the  blood  occurs  both  free  and  as  esters 
Simple  methods  for  estimating  total  cholesterol  are  available  but  the 
determinaLon  of  free  and  ester  cholesterol  is  much  more  time  con- 
of sometimes  imjiortant  to  know  the  ratio 

Determination  of  Total  Cholesterol 

anhydride  and  sulphuric  acid.  Free  eholesterol  and^f  ?  "  n 

may  react  a  little  differentlv  so  that  foi  ii  ™  ‘cholesterol 

tions  the  ester  shoulrbe  LZlifed  K 

cholesterol,  hut  this  is  not  doL  in'the^sh'^*^^’^^  estimating  the  total 
results  suirieiently  reliable  for  clinical  purpose?*  "'h'<ch  give 

e  Sackett’s  Method  for  Total  Cholesterol  (Sackett,  1925) 

an  alcohol-ethli  'Sure,^  which*  predp^itete  *'’‘''1' 

the  cholesterol.  The  supernatant^ fluid  ot!t  '  extracts 

evaporated,  the  cholesterol  taken  up  in  eWorof"'^  ^^''Wfuging  is 

cobrnnetrically  bv  the  Liebermann  11  leh"  u  ^“™'’.and  determined 

a..:?'1.X;ie  :;f  r  —  -r,';es  Of  alcohol 

^>.  Acetic  anhydride-sulphuric  ^.d  mi,xtnrc.  Mix  20  ml.  of  acetic 
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anhydride  with  1  ml.  of  concentrated  sulphuric  acid.  Make  freshly 
just  before  use.  "" 

SrXhioroforni. 

4.  Stock  standard  solution  of  cholesterol.  Dissolve  200  mg.  of 
pure  cholesterol  in  chloroform  and  make  up  to  100  ml.  with  chloro¬ 
form.  Keep  well  stoppered. 

5.  Standard  solution  for  use.  Dilute  1  ml.  of  the  stock  standard 
to  25  ml.  with  chloroform.  Five  ml.  of  this  solution  contain  0-4  mg. 
of  cholesterol. 

Technique.  Measure  10  to  12  ml.  of  the  alcohol-ether  mixture  into 
a  suitable  centrifuge  tube  and  add  0-2  ml.  of  serum,  plasma,  or  whole 
blood.  Cork  the  tube  tightly  and  shake  vigorously  for  about  a 
minute.  Then  allow  the  tube  to  lie  almost  horizontally  so  that  the 
precipitate  is  fairly  evenly  distributed  along  the  tube.  After  standing 
thus  for  at  least  half  an  hour,  centrifuge  for  a  few  minutes  to  get  a 
firm  deposit  and  decant  the  supernatant  fluid  completely  into  a  suit¬ 
able  test  tube.  Evaporate  to  dryness  in  a  water  bath.  Dissolve  the 
residue  after  evaporation,  in  5  ml.  of  chloroform.  Into  another  tube 
measure  5  ml.  of  the  standard  cholesterol  solution  containing  ()-4  mg. 
of  cholesterol.  To  each  tube  add  2  ml.  of  the  mixture  of  aeetie 
anhydride  and  sulphuric  acid.  Mix  and  stand  in  the  dark  at  25°  C. 
for  fifteen  minutes.  Read  at  once  in  the  colorimeter.  With  the  photo¬ 
electric  colorimeter,  use  a  red  filter,  or  transmission  at  680  millimicrons. 

Calculation.  For  the  photoelectric  colorimeter  the  result  is  given 

by 

Mg.  cholesterol  per  100  ml.  blood 

Reading  of  unknown 


Reading  of  standard 
Reading  of  unknown 


X  0-4  X 


X  200. 


100 


0-2 


Reading  of  standard 

A  standard  should  be  put  up  when  using  the  photoelectric  colori¬ 
meter.  A  standard  curve  can  be  prepared  as  follows,  using  a  chole- 
Serol  solution  prepared  by  diluting  10  ml.  of  the  stock  standard  to 
100  ml.  with  chloroform  {1  ml.  =  0-2  mg.  cholesterol). 


Mg.  cholesterol  per  100  ml.  blood 
Ml.  standard  solution,  1  ml  ^ 
mg.  cholesterol 
Ml.  chloroform  .  • 
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The  same  standard  suggested  for  use  with  the  photoelectric  colori¬ 
meter  is  suitable  for  the  visual  co  crime  e  advisable  to 

useTsmalle;  a^^oimt  ofbkiod,  for  example,  01  ml.  for  values  between 
500  and  1,000  mg.  l«r  j  .  j  to  whole  blood,  since  varia- 

,1—  .1.. » 
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However,  if  necessary,  the  determination  can  be  carried  out  on  0-2  ml. 
of  whole  blood  taken  from  a  thumb  or  finger. 

3.  It  is  most  important  that  the  acetic  anhydride-sulphuric  acid 
mixture  should  be  made  immediately  before  use  and  that  the  time 
for  the  colour  development  should  be  strictly  adhered  to. 


Method  of  Myers  and  Wardell  for  Total  Cholesterol  (Myers  and 

Warden,  1918) 

In  this  method  the  blood  is  dried  on  plaster  of  Paris,  w’hich  is  then 
powdered  and  extracted  with  chloroform  in  a  Soxhlet  apparatus 
(P''ig.  39).  Subsequently  the  estimation  is  as 
described  above. 

Reagents.  As  above,  except  that  plaster  of  Paris 
is  required  instead  of  the  alcohol-ether  mixture. 

Technique.  Place  about  3  to  4  grams  of  plaster 
of  Paris  in  a  small  evaporating  dish,  spread  it  out, 
and  add  1  ml.  of  serum,  plasma,  or  whole  blood, 
drop  by  drop,  over  the  surface  so  that  it  is  distri¬ 
buted  evenly  in  small  amounts.  Mix  w'ith  a  glass 
rod.  Place  in  a  drying  oven  at  about  70°  C.  for  at 
least  an  hour,  breaking  up  occasionally  with  the 
glass  rod.  When  dry,  transfer  the  powder  com¬ 
pletely  to  the  thimble  of  a  Soxhlet  apparatus. 

Place  a  piece  of  crumpled  filter  paper  on  the  tot) 
of  the  plaster  of  Paris.  Both  thimble  and  paper 
should  be  fat-free.  Place  the  thimble  in  the 
extraction  part  of  the  Soxhlet.  The  size  of  thimble 
used  should  be  such  that  the  top  is  higher  than 
the  siphon  tube  of  the  Soxhlet.  Extract  with 
chloroform  for  one  to  two  hours.  Bv  stoppincr 
the  extraction  when  there  is  a  considerable  volum? 
ol  chloroform  in  the  extraction  chamber,  it  is 
possible  to  leave  about  20  ml.  of  chloroform  extract 
m  the  flask  below'.  If  not,  evaporate  down  to  this 
amount.  Then  transfer,  with  washing,  to  a  25  ml 
stoppered  measuring  cylinder  and  make  to  the 
mark  with  chloroform.  Pipette  off  5  ml.  of  the 

'f  H  T\  development 

as  (l^escnbed  above,  using  5  ml.  of  the  Aveak 
standard  solution  as  the  standard. 

niPf]  the  previous 

niethod,  and  the  same  standard  curve  for  Z 

photoelectric  colorimeter  can  be  used. 

Mote.  It  has  been  held  that  the  plaster  of  P-iris  . . . . 

results  timn  that  of  kVkett  Vah  «ive  lower 

methods  appear  to  be  in  closer  agreement  ‘''e 


M 


Fig.  ao.  Soxhlet 
Apjfaratus. 
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Determination  of  Free  and  Ester  Cholesterol 

(Schoenheimer  and'Sperry,  1934  ;  Sperry,  1938  ;  Sobel  and  Mayer, 
1945  ;  Clarke  and  Marney,  1945  ;  Sperry  and  Webb  1950). 

Proteins  are  precipitated  from  serum  or  plasma  by  means  of  an 
alcohol-acetone  mixture  which  also  extracts  the  cholesterol  and 
cholesterol  esters.  Cholesterol  is  then  determined  by  means  of  the 
Liebermann-Burchardt  reaction  after  being  precipitated  with 
digitonin  before  and  after  saponification,  thus  giving  free  and  total 
cholesterol  respectively. 

Reagents.  1.  Acetone-absolute  alcohol  mixture.  Mix  equal 
volumes. 

2.  Acetone-ether  mixture.  Mix  1  volume  of  redistilled  acetone 
with  2  volumes  of  peroxide-free  ether. 

3.  Ethyl  ether.  Analar. 

4.  Glacial  acetic  acid. 

5.  Digitonin,  0-5  per  cent,  solution  in  50  per  cent,  alcohol.  Dis¬ 
solve  500  mg.  of  digitonin  in  100  ml.  of  the  alcohol  at  60°  C. 

6.  Potassium  hydroxide,  10  N  solution. 

7.  Phenolphthalein,  1  per  cent,  in  95  per  cent,  alcohol. 

8.  Acetic  acid,  10  per  cent,  (v/v)  solution.  Dilute  10  ml.  of  glacial 
acetic  acid  to  100  ml.  with  water. 

9.  Concentrated  sulphuric  acid. 

10.  Acetic  anhydride. 

11.  Stock  standard  solution  of  cholesterol.  Dissolve  100  mg.  of 
cholesterol  in  glacial  acetic  acid  and  make  up  to  100  ml.  with  acid. 

12.  Standard  cholesterol  solution  for  use.  Dilute  10  ml.  of  the 
stock  standard  to  100  ml.  with  glacial  acetic  acid.  This  contains 
0-1  mg.  of  cholesterol  per  ml. 

Technique.  Add  1  ml.  of  serum  or  plasma,  drop  by  drop,  with 
constant  shaking,  to  about  10  ml.  of  the  acetone-alcohol  mixture^  in 
a  25  nd.  stoppered  measuring  cylinder.  Heat  carefully  in  boiling 
water,  with  constant  shaking,  until  the  mixture  just  comes  to  the 
boil  On  reaching  boiling  point,  remove  from  the  boiling  water,  but 
continue  shaking  for  about  a  minute.  Add  a  further  10  ml.  of  the 
mixture  and  repeat  the  heating.  Then  cool  and  make  to  the 
mark  with  further  acetone-alcohol  mixture.  Mix  well  and  filter  into 
a  dry  test  tube.  Keep  the  funnel  covered  and  work  rapidly  to  avoid 


loss  by  evaporation.  •  v  4^ 

Clark  and  Marney  allow  extraction  to  take  place  overnight  at 

room  temperature.  They  add  2  ml.  of  serum  or  plasma  drop  by  drop 
to  about  40  ml.  of  acetone-alcohol  mixture  m  a  oO  ml.  stoppere 
cylinder.  Add  this  mixture  to  just  below  the  mark,  stand  overnight 

and  make  up  to  the  mark  next  morning. 

The  free  cholesterol  digitonide  is  precijodated  as  follo^^s.  1  ipette 
5  ml.  of  the  above  filtrate  into  a  tapered  centrifuge  tiibe  of  about 
15  ml  volume.  Add  2  drops  of  the  10  per  cent,  acetic  acid  and  ml. 
of  the  digitonin  solution  and  stir  well  with  a  thin  glass  rod.  Lca^e 
1  o<l  ill  the  tube  and  stand  in  a  closed  jar  ovennght.  e.nove 
frnm  the  iar  next  morning,  take  the  stirriTig  rod  out  of  the  tube 
Ind  stand  it  in  a  rack  so  that  it  ca,.  be  used  later  h.  the  sa.ne  estuna- 
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tion  and  any  precipitate  attached  to  it  will  not  be  lost.  Centr  L  g 
the  tube  at  about  3,000  r.p.ni.  for  about  ten  to  fifteen  minutes. 
Remove  the  supernatant  fluid,  add  4  ml.  of  alcohol-acetone  mixture 
to  the. tube  and  mix  the  precipitate  well  with  this  by  means  of  the 
stirring  rod  already  used.  Remove  the  rod  as  before  and  centrituge 
again.  Remove  the  supernatant  fluid  and  wash  the  precipitate  m 
the  same  way  twice  with  4  ml.  of  ether.  After  the  last  washing, 
drv  the  precipitate  by  placing  for  a  few  minutes  in  a  w’ater  bath  at 
40°  to  50°  C.  Replace  the  rod  in  the  tube.  The  tube  is  ready  for 
colour  development. 

The  total  cholesterol  digit07iide  is  prepared  similarly  after  saponifying 
as  follows.  Pipette  2-5  ml.  of  the  filtrate  from  the  alcohol-acetone 
extraction  into  a  similar  centrifuge  tube  and  add  2  drops  of  10  N 
potassium  hydroxide.  Stir  w'ell  with  a  thin  glass  rod  until  the  alkali 
is  thoroughly  mixed  wdth  the  alcohol-acetone  extract  and  place  in  a 
closed  jar  in  an  incubator  at  37°  C.  for  half  an  hour.  A  layer  of  sand 
can  be  placed  in  the  jar  and  heated  to  about  45°  C.  before  standing 
the  tube  in  it  and  placing  the  whole  in  the  incubator.  Then  remove 
the  tube  from  the  jar,  cool,  and  add  alcohol-acetone  mixture  to  5  ml. 
Add  a  drop  of  phenolphthalein  and  make  slightly  acid  with  10  per 
cent,  acetic  acid,  adding  1  or  2  drops  more  acid  after  the  red 
colour  of  the  phenolphthalein  has  disappeared.  Add  2-5  ml.  of  the 
digitonin  solution,  stir  well,  stand  overnight  as  above  and  proceed 
with  the  separation  and  washing  of  the  precipitate  in  the  same  w'ay 
as  there  described.  Only  one  washing  with  ether  is  necessary. 

The  colour  can  now'  be  developed  from  the  tw’o  precipitates.  Add 
2  ml.  of  glacial  acetic  acid  to  each  tube  and  dissolve  the  precipitate 
w'ith  the  aid  of  heat.  Place  the  tubes  in  boiling  w'ater  and  mix 
continuously  until  the  precipitate  dissolves. 

When  dissolved,  transfer  the  tubes  to  a  w'ater  bath  at  25°  C.  out  of 
contact  W'ith  light,  and,  whilst  temperature  adjustment  is  taking  place, 
make  up  some  fresh  acetic  anhydride-sulphuric  acid  mixture  in  the 
ratio  of  20  ml.  of  anhydride.to  1  ml.  of  acid.  This  should  not  be  used 
if  more  than  thirty  minutes  old.  When  the  tubes  are  at  25°  C.  add  to 
each,  4  ml.  of  the  mixture,  mix  w'ith  the  glass  rod  and  stand  in  the 
25°  C.  bath  in  the  dark  for  exactly  thirty  minutes.  Set  up  a  blank 
with  2  ml.  of  glacial  acetic  acid  and  4  ml.  of  the  anhydride-acid 
mixture  at  the  same  time.  Also  put  up  a  suitable  standard.  '  Two 
ml.  of  the  weak  standard  with  4  ml.  of  anhydride-acid  mixture  is 
satisfactory.  Compare  in  the  colorimeter  or  read  in  the  photoelectric 
colorimeter  using  an  orange  filter,  transmission  at  620  millimicrons. 

I  lake  the  reading  as  quickly  as  possible  because  of  the  effect  of  light 
on  the  colour.  ° 

Calculation.  ith  the  photoelectric  colorimeter,  since  there  are 
0-2  mg.  cholesterol  in  the  standard 

Mg.  total  cholesterol  per  100  ml.  serum 


_  Reading  of  unknown 
Reading  of  standard 
_ Reading  of  unknow'ii 


X  0-2  X 


100 

oT 


Reading  of  standard 


— ,  X  200. 
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Mg.  free  cholesterol  per  100  ml.  serum 
_  Reading  of  unknown 
Reading  of  standard  ^ 

To  prepare  a  standard  curve  for  the  photoelectric  colorimeter 
prepare  a  solution  containing  0-5  mg.  cholesterol  per  ml.  by  diluting 
the  stock  standard  1  in  2  with  glacial  acetic  acid  and  set  up  the 
following  tubes  : 


Mg.  total  cholesterol  per  100  ml. 

serum  .  .  .  .  0 

Mg.  free  eholesterol  per  100  ml. 

serum  .  .  .  .  0 

Ml.  standard  containing  0-5  mg. 

cholesterol  per  ml.  .  .  0 

Ml.  glacial  acetic  acid  .  2  0 


100 

200 

300 

400 

500 

000 

50 

100 

150 

200 

250 

300 

0-2 

0-4 

0-6 

0-8 

10 

1-2 

1-8 

1-6 

14 

1-2 

10 

0-8 

Add  4  ml.  of  acetic  anhydride-sulphuric  acid  mixture  as  above. 


For  high  values  of  plasma  cholesterol  use  smaller  amounts  of  the 
alcohol-acetone  extract,  making  up  to  the  volumes  given  above  with 
further  alcohol-acetone  mixture.  The  volume  of  acetic  acid  used  to 
dissolve  the  precipitates  may  be  varied  provided  twice  its  volume  of 
anhydride-acid  mixture  is  added. 


INTERPRETATION 

Total  Cholesterol.  It  is  generally  agreed  that  the  normal  total 
cholesterol  content  of  blood  lies  between  rather  wide  limits,  though 
different  values  for  these  limits  have  been  given  by  different  workers. 
Perhaps  the  best  figures  for  this  normal  range  are  from  1^0Jo_24f)  mg. 
per  100  ml.,  though  occasionally  figures  are  obtained  beI5w  and  above 
this  range.  The  range  of  variation  in  the  individual  is  narrower. 
The  blood  cholesterol  does  not  appear  to  be  much  altered  after 
meals.  It  increases  slowly  with  age.  In  pregnancy  there  is  an 
increase  which  may  reach  20  to  25  per  cent,  of  the  normal  value 
Increases  in  cholesterol  occur  in  a  number  of  conditions,  this 
increase  is  more  marked  in  plasma  than  in  who  e  blood.  Hyper- 
cholesteroliemia  is  found  most  characteristically  m  nephrosis, 
diabetes  mellitus,  obstructive  jaundice,  myxadema,  and  m  xantho¬ 
matosis  and  less  consistently  in  a  number  of  other  conditions. 

In  nephrosis,  the  earlier  stages  of  Type  II  nephritis  Ellis,  when 
oedema^s  present,  values  of  up  to  600  to 

common  and  may  occasionally  reach  and  exceed  1,000  m  .  per  cent. 

n  chronic  glomerulonephritis  the  cholesterol  is  vvithin 
°ormaTnmits  or  but  sli|htly  increased.  This  ,s  also  the  ease  .nn.^ 
natients  with  acute  glomerulonephritis  at  least  in  the  ^  Y  1  '  ’ 

Eft  ^houlTthe  disease  pass  into  the  subacute  stage,  marked  increases 

occur.  ^  cent,  are  commonly  found  in 
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serum  bilirubin.  In  parenchymatous  liver  disease  findings  are  more 
variable.  Whilst  serum  cholesterol  is  normal  in  many  cases,  increases 
are  found  in  an  appreciable  proportion,  particularly  in  the  reco\  ery 
stages  of  the  condition.  Very  high  figures  are  found  in  xanthomatous 
biliary  cirrhosis. 

An' increase  is  commonly  found  in  myxcedema  the  rise  roughly 
paralleling  the  fall  in  basal  metabolic  rate.  Values  up  to  500  to 
700  mg.  per  100  ml.  are  seen  and  the  estimation  may  give  valuable 
help  in  diagnosis.  Small  increases  may  be  found  in  hypopituitarism, 
usually  in  the  range  250  to  350.  Administration  of  thyroxin  leads  to 
a  marked  fall  in  the  serum  cholesterol. 

Xanthomatosis  is  frequently  associated  with  an  increase  in  blood 
cholesterol.  The  subject  has  been  discussed  at  length  by  Thannhauser 
(1947,  1950).  He  distinguishes  between  primary  and  secondary 
xanthomatosis.  The  former  is  further  subdivided  into  two  groups, 
in  one  of  which  there  is  raised  serum  cholesterol,  whereas  in  the 
other  it  is  within  normal  limits,  the  deposits  being  composed  of 
other  lipids.  In  secondary  xanthomatosis  the  condition  is  found 
to  accompany  a  hypercholesterolaemia  arising  from  one  of  the  condi¬ 
tions  mentioned  above,  such  as  diabetes  mellitus  and  nephrosis. 

Moderate  increases  in  cholesterol  are  a  rather  frequent  finding  in 
coronary  thrombosis  and  in  angina  pectoris. 

Decreases  in  blood  cholesterol  are  not  so  well  defined.  Because  of 
the  rather  wide  normal  range  an  appreciable  fall  may  occur  in  a 
particular  individual  before  the  blood  level  goes  below  the  lower 
limits  of  normal.  Thus  the  effect  of  hyperthyroidism  is  to  reduce  the 
serum  cholesterol  and  values  as  low  as  80  to  100  mg.  per  100  ml.  mav 
be  seen.  However,  quite  a  number  are  found  to  have  a  serum 
cholesterol  within  the  normal  range.  The  estimation  in  this  condition 
must  be  regarded  as  being  of  very  limited  value  as  a  general  rule.  It 
has  been  used  to  follow  the  effect  of  thiouracil  therapy,  which  brings 
about  an  increase  in  cholesterol. 

Low  values  are  not  infrequently  obtained  in  pernicious  anjemia 
and  in  other  ana?mias,'  and  sometimes  also  in  h<cmolytic  jaundice 
falling  below  100  mg.  per  100  ml.  in  some  cases.  Similar  findings 
may  be  seen  in  acute  infections,  in  sev^ere  wasting  and  in  a  number  of 
terminal  states. 


Ratio  of  Free  to  Ester  Cholesterol.  Free  cholesterol  normally  forms 
about  30  per  cent,  of  the  total  cholesterol,  ranging  from  20  to  40  ner 
cent.,  so  that  the  ester  fraction  forms  70  per  cent,  of  the  total,  rangiim 
from  60  to  80  per  cent  W  hilst  changes  in  total  cholesterol  do^not 

percentage  of  free  and  ester  eholesterol  in 
diabetes,  nephrosis,  and  myxoedema,  in  liver  disease  the  percentage 
of  ester  cholesterol  decreases.  The  tendency  when  liver  damacre  is 
present,  as  in  infective  hepatitis  during  the  earlier  phases  wbik^th 
jaundice  is  developing,  is  that  the  total  cholesterd  ^ 
normal  or  falls  a  little  while  the  proportion  of  ester  cholesterol  falls 
appreciably  and  may  reach  very  low  levels  As  X  rl 
improves,  the  total  cholesterol  rises  as  does  the  ^‘^ndition 

chCterC,  so  that  the  values  l^leSoT  ai^' 
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some  time  after  the  jaundice  has  disappeared.  In  severe  acute  liver 
necrosis  as  in  acute  yellow  atrophy,  the  total  serum  cholesterol  is 
usually  low  and  may  fall  below  100  mg.  per  100  ml.,  whilst  there  is  a 
marked  reduction  in  the  percentage  present  as  esters.  In  obstructive 
jaundice  due  to  obstruction  of  the  large  ducts  there  is  marked  increase 
in  the  total  cholesterol.  It  has  been  stated  that  the  ratio  of  free  to 
ester  cholesterol  is  comparatively  little  changed.  However,  there  is 
evidence  that  an  increase  in  this  ratio  occurs  in  a  considerable  pro¬ 
portion  of  these  cases  (see  iNIan  cf  cil.  1945).  In  xanthomatous  biliary 
cirrhosis  the  increase  is  almost  entirely  in  the  free  cholesterol. 


PHOSPHOLIPIDS 

Determination  of  Phospholipids,  Lipid  Phosphorus  i  j-  4.  j 

The  lipids  are  extracted  into  an  alcohol-ether  mixture  and  digested 
with  sulphuric  acid  and  hvdrogen  peroxide  as  introduced  by  Young- 
berg  and  Youngberg  (1930).  The  phosphorus,  now  present  as 
phosphate  is  then  determined  colorimetrically  by  the  method  for 

Rfage^sl''' L^Tlcohol^  mixture.  Mix  3  volumes  of  alcohol 

and  1  volume  of  ether. 

2.  Sulphuric  acid,  10  N  solution. 

m  “^t^lenraTe'l^nrt  <-f 

some  of  the  same  aleohol-ether  cxtraet  serum)  into 

Pipette  8  ml.  of  the  filtrate  (equivalent  to  04  ml.  ^rum) 

i-nov  n  V  1  inch  tube  and  evaporate  to  dryness.  Add 
another  6  X  i  men  luuc  ctut  i  rnixture  turns  brown 

10  N  sulphuric  acid  and  heat  gent  y.  ^  '  peroxide.  Heat 

remove  the  flame  ami  a*'  ?»  Iroxkle  at  intervals 

further  and  repeat  the  addition  'J  8  j  a  few 

until  the  dige.stion  is  complete  and  the  liquid  colourless 

ml.  of  water  and  boil  for  a  few  ,  j  f  Fiske  and  Subarrow 

Estimate  the  phospl-ns  by  t  ,  "  <.fj.s^^^ 
described  on  p.  802  transfer  „,olybdate  solution, 

cylinder.  Add  1  ml.  ot  ^  5  P  to  the  mark, 

and  0-4  ml.  of  ammo-naphthols  i  ^  standard  can  be  prepared 

Carry  through  a  complete  ^  ^ t of  phosphorus.  Develop 

using  5  ml.  of  a  solution  <;o»taining  0  04  ^g.^  ooknown.  Read  in 
the  colour  from  this  m  the  sam  >  standard  blank,  using  a  red 
the  photoelectric  herons.  Alternatively,  put  through 

fdter  or  transmission  at  680  m  both 

a  fully  digested  standard  m  the  same  ^^ay  as 

against  the  reagent  blank. 
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Calculation.  Since  8  ml.  of  the  filtrate  is  equivalent  to  0-4  ml.  of 
the  serum  and  the  standard  contains  0-04  mg.  of  phosphorus,  for  the 
photoeleetrie  colorimeter. 

Mg.  phospholipid  phosphorus 

Reading  of  unknown  ^  100  ^ 

””  Reading  of  standard  0-4 
Reading  of  unknown  ^ 

Reading  of  standard 

\  standard  curve  can  be  prepared  as  follow’s,  using  a  standard 
prepared  by  dissolving  0-351  gram  of  potassium  dihydrogen  phos¬ 
phate  in  water,  adding  10  ml.  of  10  N  sulphurie  acid  and  making  up 
to  a  litre  with  water.  One  ml.  contains  0-08  mg.  of  phosphorus. 


Mg.  phospholipid  P.  per  100  ml.  serum  0  5  10  15  20 

Ml.  phosphate  standard  .  .  .0  0  25  0-5  0-75  1-0 

Develop  the  colour  as  described  for  the  test. 


INTERPRETATION 

Normal  values  for  plasma  lipid  phosphorus  in  the  post-absorptiv^e 
state  are  given  as  6  to  11  mg.  per  100  ml.,  averaging  9  mg.  per  100  ml. 
There  is  rather  more  in  whole  blood  since  there  is  about  twiee  as  much 
in  the  eells  as  in  plasma.  To  convert  into  phospholipids  multiply  by 
tw-enty-five.  About  half  the  phospholipid  of  plasma  is  lecithin. 
Thannhauser,  Benotti  and  Reinstein  (1939),  and  Erickson  et  al.,  (1940) 
have  published  methods  for  determining  lecithin,  cephalin,  and 
sphingomyelin  in  blood  and  tissues.  The  plasma  phospholipid  bears 
quite  a  close  relationship  to  the  plasma  cholesterol.  The  average  ratio 
of  cholesterol  to  lipid  phosphorus  when  cholesterol  is  normal  is  21 
(Peters  and  Man,  1943  {h)  ).  Phospholipids  increase  in  those  condi¬ 
tions  in  which  there  is  an  increase  in  cholesterol,  though  the  increase 
is  usuallv  sinaller.  1  his  applies  to  liver  and  biliary  tract  diseases 
diabetes  mellitus,  and  myxoedema. 


TOTAL  FATTY  ACIDS  IN  BLOOD 

Determination  of  Total  Fatty  Acids  in  Serum  or  Whole  Blood  (Stoddart 
and  Drury,  1929  ;  Peters  and  Van  Slyke,  1932) 

The  fats  are  extraeted  with  an  alcohol-ether  mixture  which  i>reei- 
pitates  the  proteins.  They  are  then  saponified,  the  fatty  acids 

“ hX'df  ’  -if' 

Reagents,  l.  Alcohol-ether  mixture.  Prepare  bv  mixing  3  parts 

(’licntxiJJfrer)*'  '  '  P“rt®of  fther 

750  ti^l' oon^T  'f  prepared  as  follows.  Reflux  about 

750  to  1,000  ml.  of  do  per  eent.  aleohol  with  35  to  50  grams  of  potas 

Slum  hydrox.de  for  about  six  hours.  Distil  the  alcoLl  i.'to  a  sll-' 
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arm  flask  the  outlet  of  which  is  protected  by  a  calcium  chloride  tube 
to  prevent  addition  of  water  to  the  alcohol. 

To  obtain  peroxide-free  ether,  redistil  the  ether  through  an  eight- 
bulb  piece  condenser  column.  To  test  for  peroxide,  shake  some  ether 
with  one  half  its  volume  of  10  per  cent,  potassium  iodide  slightly 
acidified  with  sulphuric  acid.  If  more  than  a  faint  yellow  colour 
develops  reject  the  ether  or  repurify. 

2.  Saturated  solution  of  sodium  hydroxide  (carbonate-free).  Mix 
equal  weights  of  water  and  pure  hydroxide,  cover,  and  stand  for 
about  two  days  for  the  carbonate  to  settle  out.  Decant  the  solution. 

3.  Hydrochloric  acid,  30  per  cent.  (v/v). 

4.  Sodium  hydroxide,  10  per  cent,  solution. 

5.  One  per  cent,  phenolphthalein  in  95  per  cent,  alcohol. 

6.  Thymol  blue,  0-3  per  cent,  solution  in  50  per  cent,  alcohol. 

7.  Sodium  hydroxide,  0-02  N.  Prepare  from  a  saturated  solution 
of  carbonate-free  sodium  hydroxide. 

8.  Sodium  chloride,  5  per  cent,  solution  neutral  to  methyl  red. 

9.  Methyl  red.  A  saturated  solution  in  50  per  cent,  alcohol. 
Technique.  Pipette  5  ml.  of  the  specimen,  which  may  be  either 

whole  blood,  plasma  or  serum  into  75  ml.  of  the  alcohol-ether  mixture 
in  a  100  ml.  volumetric  flask.  Add  slowly,  drop  by  drop,  keeping  the 
liquid  rotating  so  that  there  will  be  no  formation  of  large  aggregates 
of  precipitate.  Place  the  flask  in  boiling  water  whdst  shaking 
continuously  to  avoid  superheating,  until  the  liquid  ^egins  to  boil. 
Cool  to  room  temperature,  make  up  to  the  100  ml.  mark  wMh  f^irUier 
alcohol-ether  mixture  and  mix  well.  Filter  through  a  fat-free  filter 

75  ml.  of  the  filtrate  and  evaporate  in  a  100  ml.  beaker 
adding  the  liquid  gradually.  To  prevent  bumping  add  a  few  grams 
of  coarse  sand  previously  boiled  with  acid,  then  washed  dried,  and 
finally  extracted  with  ether.  Place  on  an  eleetrie  p  ate  at  a  Imv  heat 
or  oifa  water  bath  so  that  the  liquid  does  not  boil  perceptibly  and 
allow  the  ether  to  evaporate  off.  Then  evaporate  down  to  about 
30  ml  Add  0-1  ml.  of  saturated  carbonate-free  sodium  hydroxide 
Mix  add  a  fergrains  more  sand,  cover  with  a  wateh  glass  and  boil 

acid  with  30  per  .  >  This  avoids  an  excess  of  alkali 

witl.  10  per  cent  dUe  to  remove  the  alcohol, 

on  eva])orating  to  dr>  ness  w  bath  with  stirring  to  dissolve 

Aikl  15  ml.  °(.":^^\“;J,\7,ora<lIl  aclropof« 

the  soaps.  >>  hilst  still  n  ,  cbown  bv  a  faint  pink  colour. 

with  80  per  cent.  "I B^ter  swW  almost  continuously 

After  standing  for  ten  minutes  m  coW  w^r  ™  ^ 

for  five  minutes  so  as  to  get  a  better  P  con- 

Then  filter  the  -■'!f,,‘'nits  are  made  as  follows.  Fix  up 

‘r^i^K-i&e  ’  in  ':’‘r.;o‘  mi.  suction 

800  mTBf’iliSllcd1v:tr  Pour  immediately  into  the  crucible  with 
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stronff  suction  on.  Repeat  shaking  and  filtering  until  a  layer  about 
1  mm.  thick  is  obtained.  With  a  glass  rod  tamp  down  carefully  all 
over  Allow  the  larger  masses  of  filter  pulp  fibres  m  the  emulsion 
Teme  out  and  pour  on  successive  amounts  of  the  thin  upper  suspension 
of  isolated  shreds,  keeping  a  strong  suction  on  arid  tamping  do^^n 
occasionally  until  the  filter  is  dense  enough  to  offer  a  definite  resistance 
to  the  suction.  Remove  the  crucible  from  its  rubber  holder  and  dry 
in  an  air  oven  at  110°  C.  for  fifteen  minutes.  Cool  before  using 

For  the  filtration  place  the  crucible  in  its  washer  m  a  funnel  and 
nlace  a  test  tube  under  the  funnel.  Pour  some  of  the  fatty  acid 
kispension  into  the  crucible.  If  it  does  not  filter  clear,  put  it  through 
the  crucible  again.  If  filtration  does  not  begin  within  a  few  minutes 
change  the  crucible  to  the  funnel  in  a  filter  flask  and  apply  suction 
gently.  When  filtration  has  begun  continue  without  suction.  When 
the  fatty  acid  suspension  is  filtered  and  has  drained,  wash  with  4  ml. 
portions  of  5  per  cent,  sodium  chloride  solution.  Wash  down  the 
sides  of  the  beaker  thoroughly  and  pour  the  rinsings  into  the  Gooch 
crucible.  Continue  washing  until  the  filtrate  from  one  washing 
requires  not  more  than  0-05  ml.  of  the  0-02  N  sodium  hydroxide  to 
neutralize  it  to  phenolphthalein.  Three  washings  usually  suffice. 

Replace  the  crucible  in  the  suction  flask  and  dissolve  the  fatty 
acids  in  hot  95  per  cent,  alcohol.  To  do  so,  run  into  the  beaker  used 
for  precipitating  the  fatty  acids,  5  ml.  of  the  alcohol  washing  the  walls 
whilst  doing  so.  Bring  to  the  boil  and  pour  into  the  crucible. 
Repeat  the  washing  with  two  further  3  ml.  portions  of  hot  alcohol. 

After  adding  a  little  sand,  boil  for  a  minute,  cool,  note  the  volume 
and  after  adding  3  drops  of  thymol  blue  as  indicator,  titrate  with 
0-02  N  sodium  hydroxide  to  a  pure  blue  colour.  Titrate  as  a  blank, 
10  ml.  of  alcohol  evaporated  down  to  the  same  volume  as  that  of  the 
boiled  solution  of  fatty  acids. 

Calculation.  Let  T  =  titration  of  the  test  in  ml.  of  0  02  N  sodium 
hydroxide,  and  B  =  the  titration  of  the  blank.  It  is  necessary  to 
subtract  from  T  a  further  correction  of  0-005  ml.  for  each  ml.  of 
0-02  N  sodium  hydroxide  used,  to  correct  for  the  effect  on  the  end 
point  of  the  water  added  in  the  titration. 

So  ml.  of  0-02  N  sodium  hydroxide  required  to  titrate  the  fatty 
acids  =  0-995  T  —  B. 

Use  as  a  factor  for  fatty  acids  277  which  is  the  average  molecular 
weight  of  the  fatty  acids  present  in  blood. 

Since  the  alkali  is  0-02  N  and  5  ml.  of  blood  were  taken  and  75  ml. 
of  filtrate  used 

Mg.  fatty  acids  per  100  ml.  of  blood 


277 


=  (0-995  T  -  B)  X  — 

50 

=  (0-995  T  -  B)  X  148. 


100 
X  - 
o 


100 

X  ^ 


i  b 


So 


For  ordinary  purposes  the  correction  factor  0-995  can  be  ignored. 


Mg.  fatty  acids  per  100  ml.  blood 
Millimols  fatty  acids  per  100  ml.  blood 


I’.C.B. 


=  148  X  (T  -  B) 

=  0-533  X  (T  -  B). 
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Note.  The  method  of  filtration  described  is  that  used  by  Stoddart 
and  Drury.  However,  filtration  through  fat-free  filter  paper  (for 
example,  Whatman  No.  43)  can  be  used  and  satisfactory  results 
obtained. 


Other  Method.  Bloor  (1922,  1928)  extraets  the  lipids  into  an 
alcohol-ether  mixture.  They  are  then  oxidized  by  means  of  potas¬ 
sium  diehromate,  the  excess  of  which  is  measured  iodometrically. 


INTERPRETATION 

The  question  of  the  blood  lipids  was  reviewed  by  Thannhauser 
(1947).  Total  fatty  acids  of  plasma  or  serum,  when  fasting,  range 
from  200  to  450  mg.  per  100  ml.  (see  Erickson,  1937).  A  higher 
figure  for  the  upper  limits  has  been  given  by  some  workers  (see 
Peters  and  Man,  1943  (a)  ).  These  fatty  acids  are  derived  from 
neutral  fats,  of  which  there  are  0  to  150  mg.  per  100  rnl., 
cholesterol  esters,  phospholi})ids,  and  cerebrosides.  Total  fatty  acids 
as  thus  estimated,  are  more  variable  than  cholesterol  and  phos¬ 
pholipids.  The  determination  cannot  be  used  to  give  an  indication  of 
variations  in  neutral  fat,  since  the  total  fatty  acids  may  be  much 
increased  because  of  increase  in  phospholipids  and  cholesterol  esters 
in  cases  in  which  neutral  fat  is  very  low.  No  reliable  method  is 
available  for  determining  neutral  fat  when  cholesterol  esters  and 
phospholijiids  are  also  present.  A  figure  for  the  neutral  fat  is  usually 
obtained  by  subtracting  the  fattv  acids  present  as  cholesterol  esters 
and  phospholipids  from  the  total  fatty  acids  as  determined  above. 
Thannhauser  and  Reinstein  (1942)  suggest  the  formula 


Mff.  neutral  fat  per  100  ml.  =  [Total  fatty  acids  in  mg.  per  100  ml.  - 
(0-72  X  cholesterol  esters  in  mg.  per  100  ml.  +  0*69  X  phospho¬ 
lipids  in  mg.  per  100  ml.)]  X  1-04. 

The  small  amount  of  cerebrosides  present  is  thus  included  m  the 
neutral  fat,  of  which,  however,  it  forms  only  a  tew  per  cent. 

All  determinations  should  be  done  fasting,  since  there  is  a  “parked 
increase  after  meals.  The  peak  of  this  occurs  some  three  to  five 
hours  after  the  meal,  at  which  time  the  total  fatty  acids  may  be  mor 
than  twice  as  great  as  in  the  fasting  state. 

^  Strictly  speaking  the  term  hyperlipiemia  should  be  given  to  tho 
sera  or  plasmas  in  which  there  is  an  increase  in  neutral  faL  It  is 
these  which  appear  milky  in  appearance, 

ol  other  la  y  n  i  rlnes  not  produce  a  milky  plasma. 

STeto  In  increase^'n  any  of 

Neutral  fat  ,nay  in  „wxa=cle.na  by 

ill  nephrosis.  An  increase  na'.  'i  have  found  it  to  be 

,everSl  workers,  but  ential  or  idiopathic 

hyrerUpari  hXen  d^escribed.  in  which  neutral  fat  and  other  hp.ds 
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are  increased,  the  increase  not  being  referable  to  any  known  cause. 
Such  cases  show  a  quick  response  to  low  fat  diets. 

Ilyperlipa-niia  has  been  regarded  as  due  to  a  slow  rate  of  removal 
froni  the  blood,  retention  hyperlipasmia,  or  to  an  increased  rate  of 
mobilization  from  the  fat  depots,  transportation  hyperlipajmia.  A 
good  example  of  the  second  is  untreated  diabetes  mellitus,  which 
responds  to  insulin  but  not  to  a  low  fat  diet.  The  essential  hyper- 
lipaniia,  which  may  be  accompanied  by  a  slight  glycosuria,  is 
apparently  of  the  former  type  in  responding  to  a  low  fat  diet  but  not 
to  insulin. 

Total  Lipids 

This  term  is  given  to  the  sum  of  the  blood  lipids,  that  is  the  sum  of 
the  free  and  ester  cholesterol,  phospholipids  and  neutral  fat.  Peters 
and  Van  Slyke  (1946)  give  the  range  in  normal  persons  as  360  to 
820  mg.  per  100  ml.  with  a  mean  of  570  mg.  per  100  ml.  The  figure 
for  the  total  lipids  is  of  relatively  little  value  in  itself.  To  assess  the 
significance  of  variations  we  need  to  know  what  changes  there  are 
in  the  constituents  of  which  it  is  composed. 


Lipoidoses 

This  term  has  been  given  to  the  group  of  diseases  in  which  one  or 
more  of  the  various  lipids  are  deposited  in  certain  organs  or  tissues, 
usually  in  reticulo-endothelial  cells.  We  have  already  referred  to  cases 
in  which  cholesterol  forms  the  major  part  of  such  deposits,  and  to 
which  the  name  xanthomatosis  is  given.  These  may  be  found  in  all 
conditions  in  which  the  plasma  cholesterol  is  increased.  Other  lipids 
as  well  as  cholesterol  may  be  found  in  such  deposits,  often  without 

plasma  lipids.  For  fuller  discussion  of  these 
conditions,  see  Thannhauser,  1950,  and  also  Peters  and  Van  Slyke 
1946  ;  Sobotka,  1942  ;  and  Sperry,  1942.  ^ 

In  Hand-Schuller-ChristiarCs  disease  the  chief  lipid  deposited  is 
cholesterol,  both  free  and  ester,  though  serum  cholesterol  is  not 
increased  ;  m  Gaucher's  disease  there  are  accumulations  of  cerebro- 
sides  (of  kerasm);  \n  Niemann- Pick's  disease  the  deposits  are  of 
phospholipids  containing,  according  to  Thannhauser,  sphingomyelin 
but  not  lecithin  or  cephalin.  In  Niemann-Pick’s  disease  though 

s3  rn^XarincT^se^'  “ 

been  kolated  rKlenk‘"'‘f  s'"?'*"""’®  and  galactose  liL 

normal  ^  (Klenk  and  Schumann,  1940).  The  plasma  lipids 


are 


rj 


faffave“been"trkl‘°  rcondir"""  of 

-tus  in 
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injuries  in  which  there  has  been  considerable  crushing  of  subcutaneous 
fat.  Lipuria,  if  it  occurs,  is  certainly  a  rare  condition.  There  are 
many  ways  in  which  urine  may  become  contaminated  with  extraneous 
fat,  as,  for  example,  from  liquid  paraffin  used  as  a  laxative,  lubricants 
used  in  passing  catheters,  and  even  from  the  deliberate  addition  of  fat. 

A  ])articidar  example  of  lipuria  is  chyluria,  the  term  given  to  milky 
urines  resulting  from  admixture  with  chyle  from  ruptured  lymphatics 
in  the  kidneys  or  bladder.  In  chyluria  there  are  also  red  blood  cells 
])resent,  and  in  some  cases  there  may  be  enough  fibrinogen  to  form 
clots.  The  amount  of  fat  present  may  reach  a  few  per  cent,  but 
varies  considerably  with  changes  in  fat  absorption.  The  fat  is  said 
to  be  more  finely  dispersed  in  chyluria,  than  in  other  cases  of  lipuria. 
For  recognizing  this  condition  Sudan  III  has  been  given  with  fat  in 
the  food.  Thus  Harrison  (1947)  gives  100  mg.  with  10  grams  of 
butter.  The  Sudan  III  is  excreted  with  the  fat  in  the  urine  and  can 
be  extracted  into  ether. 
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TESTS  OF  GASTRIC  FUNCTION.  OCCULT  BLOOD 

The  chief  constituents  of  gastric  juice  are  :  (1)  Hydrochloric  acid, 
secreted  bv  the  parietal  cells.  (2)  Pepsinogen,  secreted  by  the  chie 
cells.  This  is  activated  to  pepsin  by  the  acid  which  also  provides 
the  aeid  medium  required  by  this  enzyme  for  its  action  on  proteins. 
These  are  partially  broken  down  to  peptones  and  proteoses.  (3) 
Rennin,  whieh  clots  milk  by  converting  the  milk  protein  caseinogen 
to  casein.  (4)  The  hiemopoietic  factor,  absence  of  which  is  respon¬ 
sible  for  the  development  of  pernicious  amemia.  (5)  Mucus. 

The  gastric  secretion  is  produced  in  response  to  (1)  Psychic  factors, 
sight,  taste,  smell,  and  even  in  extreme  circumstances  the  thought  of 
food.  This  is  mediated  by  the  vagus  nerve.  (2)  Gastrin,  a  hormone 
seereted  by  the  gastric  mucosa  when  food  is  present  in  the  stomach. 
(3)  The  presenee  of  some  products  of  digestion  in  the  intestine. 

Insulin  by  causing  hypoglyaemia  stimulates  the  vagus  to  increase 
the  output  of  both  acid  and  pepsin,  whilst  histamine  is  a  powerful 
stimulant  of  aeid  secretion.  Alcohol  in  moderate  concentration  also 
stimulates  the  produetion  of  acid.  While  each  of  these  substances 
has  been  used  in  investigating  gastric  function,  meals  composed  of 
ordinary  foods  have  been  more  frequently  used.  One  of  the  earliest 
of  these  was  the  Eu'ald  One  Hour  Meal.  After  a  period  of  fasting  a 
meal  of  toast,  usually  without  butter,  and  tea  without  milk,  was 
given.  An  hour  later  a  stomaeh  tube  was  passed  and  the  stomach 
contents  removed.  Tests  similar  to  those  for  the  fractional  test  meal 
were  used.  This  test  has  fallen  into  almost  complete  disuse  since 
more  information  is  obtained  by  collecting  samples  at  frequent 
intervals  during  the  digestive  period  as  is  done  in  the  fractional  test 
meal  of  Rehfuss. 


THE  FRACTIONAL  TEST  :\IEAL  OF  REHFUSS 

The  stomach  tube  is  a  thin  rubber  one,  4  mm.  external  diameter, 
two  forms  of  which  are  in  use.  The  Rehfuss  tube  has  an  uncovered 
metal  end  with  openings  about  the  size  of  the  bore  of  the  tube 
(Fig.  40  (a)  ),  the  Ryle  tube  a  rubber-covered  end  containing  a  small 
weight  of  lead,  the  holes  being  in  the  rubber  tube  a  short  distanee 
from  the  end  (I<  ig.  40  (6)  ).  Roth  tubes  have  markings  to  indicate 
how  tar  the  tube  has  been  swallowed.  These  take  the  form  of  blaek 
rings  When  the  single  ring  reaches  the  lips,  suffieient  tube  has  been 
swallowed  ni  an  average  case  for  the  end  to  reach  to  the  cardiac 
orifice  ;  with  the  double  ring  at  the  lips  the  end  of  the  tube  should  be 
m  the  body  of  the  stomach,  sometimes  almost  to  the  pylorus.  On 

197 


198 


PRACTICAL  CLINICAL  RIOCHKMISTRY 


longer  tubes  there  is  sometimes  a  trij)le  ring  whieli  marks  a  length 
of  tube  long  enough  to  allow  the  end  to  pass  spontaneously  into  the 
duodenum  later  in  the  meal.  The  ehoice  of  tube  is  a  matter  of 
personal  preference.  The  Ryle  tube  would  seem  to  be  a  little  easier 
to  swallow  and  a  little  less  likely  to  cause  trauma,  but  tends  to  block 
more  easily  than  the  Rehfuss  tube. 

The  meal  most  used  is  one  of  oatmeal  gruel.  This  is  prepared  by 
adding  two  tablespoonfuls  of  oatmeal  to  a  quart  of  water,  simmering 
down  to  about  a  pint,  and  straining  through  muslin.  Add  a  little 
sugar  if  it  is  desired  to  make  the  gruel  more  palatable.  Salt  should 
not  be  added,  particularly  if  chlorides  are  to  be  determined.  The 

meal  should  not  be  too  thin  but  as  thick  as 
is  consistent  with  the  patient  being  able  to 
drink  it. 


Fig.  40.  Stomach  Tubes. 


Method  of  Carrying  out  the  Test 

Instruct  the  patient  not  to  eat  or  drink 
anything  during  the  twelve  hours  immedi¬ 
ately  preceding  the  test.  This  means  taking 
nothing  after  supper  at  9  to  10  p.m.  on  the 
evening  before  the  test  is  done.  Sometimes 
a  couple  of  charcoal  biscuits  are  given  with 
milk  for  this  supper.  The  charcoal  is  easily 
recognized  in  the  fasting  contents  next 
morning  if  still  present  and  shows  that  there 
is  abnormal  retention  of  stomach  contents. 

Begin  the  test  about  breakfast  time  next 
morning.  Before  use  place  the  tube  for  a 
short  time  in  boiling  water,  withdraw  the 
burner  and  leave  the  tube  in  the  water 
until  required.  In  passing  the  tube,  which 
may  be  lubricated  with  liquid  paraffin  or  glycerol,  ask  the  patient 
to  open  the  mouth  and  hold  the  tongue  forward  a  little.  Place 
the  tip  of  the  tube  on  the  back  of  the  tongue,  get  the  i3atient  to 
sav  “  Ah  ”  push  the  tube  forward  into  the  throat  and  ask  the  patien 
to^swallo’w,  at  the  same  time  pushing  the  tube  forward.  Once  the 

tube  has  passed  the  pharynx,  in  most  cases  8° 

easily  being  pushed  forward  each  time  the  patient  svv allots.  Ibere 
mav  be  some  retching  in  the  earlier  stages.  Tins  is  often  dne  to 
pha^ryngcal  stimulation.  Do  not  hurry  the  patient  “"‘’"'y; 

the  retching  continues  so  that  it  ‘If^ult  to  keei^ 

possMe’to  passTnyle’s  tube 

e°aseP“  bict  sampKre  obtained,  will  show  the  practised  operator 
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whether  the  tube  is  satisfactorily  placed.  When  the  tube  is  in  posi¬ 
tion  every  endeavour  should  be  made  to  keep  it  so,  and  the  patient 
instructed  accordingly.  Saliva  should  not  be  swallowed,  but 
expectorated  if  it  is  possible  for  this  to  be  done  without  disturbing, 
the  position  of  the  tube  unduly. 

Remove  the  resting  contents.  A  10  ml.  record  type  syringe  is 
satisfactory.  Take  a  few  minutes  to  do  this,  moving  the  patient 
from  side  to  side  so  as  to  make  sure  that  the  stomach  has  been 
emptied  as  completely  as  possible.  Measure  the  volume,  and  keep 
for  examination  w’ith  the  later  specimens.  Clip  the  tube  and  give 
the  patient  a  pint  of  the  oatmeal  gruel  to  drink.  Note  the  time,  and 
remove  about  10  ml.  of  stomach  contents  every  quarter  hour,  so  long 
as  it  is  possible  to  do  so,  up  to  two  and  a  half  hours  after  the  meal 
was  taken.  Sometimes  the  stomach  empties  before  this  time  is 
reached.  When  this  is  not  the  case,  some  workers  empty  the  stomach 
at  the  end  of  two  and  a  half  hours,  and  measure  the  volume  of  residual 
contents.  Then  gently  withdraw^  the  tube.  In  the  very  small 
number  of  cases  in  which  the  end  of  the  tube  sticks  on  withdraw^al, 
instruct  the  patient  to  swallow,  or  give  a  little  w’ater  to  drink,  and 
pull  gently  while  either  of  these  is  being  done. 

Take  particular  care  to  obtain  reliable  specimens.  These  are  best 
collected  by  a  person  who  has  had  some  experience  of  doing  so  and 
has  become  familiar  with  the  ajjpearance  of  the  specimens.  There 
are  three  common  errors  from  which  unsatisfactory  samples  may 
result. 


1.  The  tube  may  become  blocked  with  mucus  or  food  residues  so 
that  the  stomach  is  wrongly  assumed  to  be  empty.  Careful  injection 
of  a  little  air,  or  a  few  ml.  of  water,  may  be  sufficient  to  remove  the 
obstruction  so  that  specimens  can  again  be  obtained. 

2.  The  tube  may  not  be  sited  properly  in  the  stomach  so  that  either 
no  specimens  are  obtained,  or,  if  saliva  is  being  swallow^ed,  a  series  of 
samples  almost  entirely  composed  of  saliva  are  taken  and  sent  for 
analysis.  A  wrong  finding  of  achlorhydria  may  result.  X-ray  siting 
has  been  used,  and  radio-opaque  tubing  is  now^  available 
Experienced  workers  are  able  to  place  the  tube  correctlv  in  most  cases 

3  Too  much  tubing  may  be  swallowed  with  the  result  that  later 
in  the  test  the  tube  passes  into  the  duodenum  and  duodenal  contents 
heavily  bile  stained,  are  obtained.  This  is  unlikely  to  occur  if 
the  double  mark  is  kept  at  the  teeth.  While  regurgitation  of  bile 
may  occur  during  a  test  meal,  it  is  not  common.  When  a  heavily 
bile-stained  specimen  is  obtained  the  tube  should  be  withdrawn  a 
little,  and  a  further  specimen  taken  and  examined.  Specimens  free 
from  bile  can  then  often  be  obtained.  ^ 

Oatmeal  gruel  has  certain  advantages  as  a  test  meal.  It  is  easilv 
aspirated  through  the  narrow  tube,  and  abnormal  substances  such  as 

h  mo  r<tes  --pie  insrectio" 

is  sui^b  rfo;  ^  colourless  filtrate  which 

.  suitab  e  for  titrating  the  acid  present.  A  reasonablv  stanflarrl 
response  is  given  by  the  stomach  to  such  a  meal 
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Examination  of  the  Specimens 

Filter  the  specimens  when  obtained.  Filtration  is  sufficiently 
rapid  in  the  majority  of  cases,  but  may  be  slow  occasionally,  parti¬ 
cularly  with  specimens  in  which  there  is  no  free  acid  and  which 
contain  much  mucus.  This  often  occurs  when  much  saliva  is 
swallowed,  when  in  any  case  the  specimens  are  of  doubtful  value. 

For  s])ecimens  containing  much  mucus,  Harrison  (1947)  has 
suggested  placing  the  specimen  in  a  centrifuge  tube  with  a  fairly 
tight  plug  of  cotton  wool  on  top  of  the  liquid.  On  centrifuging  hard, 
this  plug  is  forced  downwards,  leaving  clear  fluid  on  top  whilst  the 
mucus  remains  below  the  plug. 

Test  for  starch  by  adding  a  drop  or  two  of  iodine  solution  to  the 
material  on  the  filter  paper.  The  amount  of  starch  present  gives  a 
rough  idea  of  the  rate  of  emptying  of  the  stomach  in  some  cases 
Note  the  Presence  of  any  Blood  or  Bile.  These  can  usually  be 
detected  by  simple  inspection.  Should  doubt  arise,  aj3ply  chemica 
tests  See  pp.  216-9  for  tests  for  blood  ;  p.  232  for  tests  for  bile.  How¬ 
ever,'  the  benzidine  test  is  often  too  sensitive.  Inspection  is  satis- 

factorv  in  most  cases.  .  „ 

Inspect  also  for  the  presence  of  any  excessive  amounts  of  mucus. 

This  is  best  done  when  the  specimens  are  being  taken.  , 

Note  anv  odour.  The  fermentation  which  gives  rise  to  lactic  acid 
and  oto'o^arc  acids  may  produce  a  rather  character, stm  smell 

with  which  technicians  soon  become  familiar. 

If  charcoal  was  given  the  previous  evening  look  to  see  if  any  is 

present  in  the  resting  contents. 

Titration  for  Free  and  Total  Acid 

This  is  best  done  by  titrating  a  portion  of  the  filtered  speciinens 

m  change  from  red  to  yellow  from 

AITu  to  I  f  ?Ln  phenol’phthalein  changing  back  to  red  from  pH 
10.0.  The  firshtotm,,  to  abm.t  pH  4  ~es  the  — 
free  hydrochloric  acid  pre  ,  J  protein  hydrochloride  and 

colour  change  wRh  pIreno  p^^^^^  ^e  some 

any  organic  acids  „Uocphate  Proteins  present  include 

conversion  of  acd  to  alkalme  phosphate.^ 

mucin  in  the  gastric  secretion  a™  Protein  the 

difference  '’.ot^^thU  is  Inly  correct  so  far  as  it  refers  to  protein 

?.;tm.h1o« 

titration  is  said  to  give  the  ,  ^  Do  not  leave  this 

"''2!*  Tfipffir’rleagent,  0-5  per 

"'r'o,m1mr'renrsolutlrof  P'=‘'“"‘'  ' 
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Technique.  Pipette  1  ml.  of  filtered  gastric 
hprtker  ^one  about  60  ml.  volume  is  suitable),  add  2  to  3  drops 
Top^fer’s  reagent  or  methvl  orange  and  titrate  with  IS  / 100  sodium 
hydroxide  until  all  trace  o‘f  the  red  colour  disappears  and  ‘he  colour 
is' yellowish  orange.  Note  tlie  volume  of  alkali  added.  Then  add 
2  or  3  drops  of  plienolplithalein  and  continue  titrating  until  a  definite 
red  tinge  reappears.  The  most  usual  difference  between  the  two 
colour  changes  is  about  1  ml.  Again  read  the  burette  and  so  obtain 
the  total  volume  of  alkali  added.  It  is  better  not  to  mix  the  two 

indicators  but  to  add  them  separately. 

If  a  yellow  colour  is  obtained  on  adding  Topfer  s  reagent  or  methyl 
orange,  no  free  acid  is  present.  Add  the  phenolphthalein  and  titrate 
the  combined  acid.  This  then  ecjuals  the  total  acid. 

Express  the  results  as 

Ml.  N/10  hydrochloric  acid  per  100  ml.  of  gastric  contents. 


To  do  this  it  is  only  necessary  to  multiply  the  actual  titrations  in 
ml.  by  10.  Plot  two'curves  which  show  the  course  of  the  free  and 
total  acid  during  the  meal. 

Note.  Thymol  blue  has  also  been  used  as  indicator.  It  has  the 
advantage  of  having  two  colour  changes,  one  from  red  to  yellow  at 
pH  1-2  to  2-8,  the  other  from  yellow  to  blue  at  pH  8-0  to  9-5. 
Titration  to  the  first  colour  change  has  been  used  to  measure  the  free 
acid,  titration  to  the  second  the  total  acid,  but  since  the  change  from 
red  to  yellow  occurs  at  a  more  acid  pH  than  with  Topfer’s  reagent  or 
methyl  orange,  small  amounts  of  free  acid  may  not  be  detected.  A 
pH  of  2-0  corresponds  to  N/lOO  acid  and  so  equals  10  units  as  measured 
above,  whilst  pH  3  equals  only  1  unit  and  pH  4  only  0*1  unit.  How¬ 
ever,  when  considerable  amounts  of  organic  acids  are  present  (see 
below)  it  is  less  likely  that  the  pH  will  be  low  enough  to  give  a 
misleading  impression  that  free  hydrochloric  acid  is  present  with 
thymol  blue  than  with  Topfer’s  reagent  or  methyl  orange. 


Effect  of  Organic  Acids  on  the  Titration.  The  possible  occurrence 
of  organic  acids  should  be  remembered.  Lactic  acid  is  the  one  found 
in  largest  quantities  but  butyric  and  other  acids  may  be  present. 
^V  hen  there  are  large  amounts  of  such  organic  acids  in  the  resting  con¬ 
tents  the  pH  may  be  low  enough  for  an  acid  reaction  to  be  given  with 
the  indicator  used  to  measure  the  free  acid  even  when  no  free  hydro¬ 
chloric  acid  is  present.  In  such  circumstances  it  may  be  necessary 
to  determine  whether  free  hydrochloric  acid  is  actually  present.  The 
Giinzberg  test  is  used  for  this  purpose.  However,  the  presence  of 
organic  acids  can  generally  be  recognized  since  when  much  organic 
acid  is  present  the  combined  acid  will  be  found  to  be  much  greater 
than  usual;  that  is,  the  difference  between  the  titrations  of  free  acid 
and  total  acid  will  be  increased.  Furthermore,  the  colour  change  of 
the  first  indicator  will  occur  more  slowlv  so  that  the  exact  end  point 
IS  less  easily  ascertained.  When  this  occurs,  tests  for  lactic  acid  should 
be  carried  out.  These  and -the  (iunzberg  test  will  be  described 
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Giinzberg  Test  for  Hydrochloric  Acid 

Giinzberg’s  Reagent.  Dissolve  2  grams  of  phloroglucinol  and 
1  gram  of  vanillin  in  100  ml.  of  95  per  eent.  alcohol.  Prepare  freshly. 
Alternatively  keep  two  10  per  cent,  solutions  of  phloroglucinol  and 
vanillin  in  alcohol  and  mix  for  use  in  the  proportion  of  2  ;  1. 

Technique.  Mix  1  to  2  drops  of  gastric  contents  with  1  to  2  drops 
of  the  reagent  in  a  small  evaporating  dish  and  evaporate  to  dryness 
on  a  water  bath.  If  free  hydrochloric  acid  is  present  a  reddish  colour 
is  produced.  A  positive  test  is  only  given  by  mineral  acids,  not  by 
organic  acids.  Since  hydrochloric  acid  is  the  only  mineral  acid  likely 
to  be  present  a  positive  test  shows  the  presence  of  free  hydrochloric 
acid. 


Tests  for  Lactic  Acid 

1.  Ferric  Chloride  Test.  This  is  the  simplest  test  for  lactic  acid. 
To  about  2  ml.  of  filtered  gastric  contents  in  a  test  tube  add  1  to  3 
drops  of  10  per  cent,  ferric  chloride  solution.  A  yellow  colour  is  given 
by  lactic  acid.  Almost  fill  the  tube  with  water  and  mix  by  inversion. 
The  yellow  colour  due  to  lactic  acid  remains  on  dilution.  Alterna¬ 
tively  place  about  3  drops  of  the  ferric  chloride  into  a  test  tube,  fill 
about  three-quarters  full  with  water,  mix,  and  add  1  to  2  ml.  of 
gastric  contents.  Lactic  acid  gives  a  yellow  colour. 

2.  Ferric  Chloride  Test  after  Ether  Extraction.  Extract  about  5  ml. 
of  filtered  gastric  contents  with  20  ml.  of  ether.  To  about  5  ml.  of 
clear  ether  extract  add  20  ml.  of  distilled  water  and  2  drops  of  10 
per  cent,  ferric  chloride  solution.  Shake.  Lactic  acid  gives  a 
vellowish-green  colour. 

3.  Maclean’s  Test.  To  5  ml.  of  filtered  gastric  contents  add  a  few 
drops  of  Maclean’s  solution.  This  contains  100  ml.  of  saturated 
mercuric  chloride  solution  and  1-5  ml.  of  hydrochloric  acid,  in  which 
5  grams  of  ferric  chloride  are  dissolved.  A  reddish  colour  is  given  by 
lactic  acid.  Compare  with  a  blank  done  on  normal  gastric  contents. 

4.  Uffelmann’s  Test.  Uffebjiatm’s  Reagent.  Add  10  per  cent, 
ferric  chloride  solution  drop  by  drop  to  a  1  per  cent,  solution  of 
phenol  in  water  until  a  bluish  colour  is  produced.  It  is  essential  to 
prepare  immediately  before  use.  Use  distilled  water. 

Mix  equal  volumes  of  this  reagent  and  of  filtered  gastric  contents. 
A  vellow  or  greenish  colour  is  given  by  lactic  acid. 

Tests  for  lactic  acid  are  not  always  very  satisfactory,  particularly 

when  only  small  amounts  are  present. 

For  ordinary  routine  work  no  further  investigations  are  required. 
However,  determination  of  cl.lorides  and  exam, nation  for  tl,e 
presence  of  digestive  enzymes  are  occasionally  carried  out. 

Determination  of  Chlorides 

Chlorides  present  in  gastric  contents  include  free  hydrochloric  acid  , 

sSl  amount  of  liydrocliloric  acid  combined  with  protein-proteu, 
h^droeWoride ;  am/inorganic  clilori.les,  mainly  sodium  chloride- 
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mineral  chloride.  Total  ehlorides-^thc  sum  of  these  three— and 
mineral  chlorides  are  determined. 

L  Total  Chlorides 

Reagents.  These  are  those  used  for  blood  chlorides,  p.  329. 

1.  N/20  silver  nitrate  in  nitric  acid. 

2.  N/50  ammonium  thiocyanate. 

3.  Ferric  alum,  5  per  cent,  aqueous  solution. 

Technique.  Add  1  ml.  of  filtered  gastric  contents  slowly  to  3  ml. 
of  the  silver  nitrate  solution  with  constant  shaking.  Add  a  further 
2  ml.  of  concentrated  nitric  acid  and  boil  for  one  to  two  minutes. 
Cool,  add  6  ml.  of  ferric  alum  solution,  cool  again,  and  back  titrate 
with  the  thiocyanate.  Check  the  standard  by  titrating  3  ml.  of  the 
silver  nitrate  with  thiocyanate  using  ferric  alum  as  indicator.  This 
should  require  7-5  ml. 

Calculation.  Ml.  N/10  total  chlorides  per  100  nd.  of  gastric  con¬ 
tents  =  (Titration  of  standard  —  titration  of  unknown)  x  20. 

This  also  gives  the  result  in  millicquivalents  per  litre. 


2.  Mineral  Chlorides 

These  are  determined  in  the  same  way  after  first  evaporating  off 
the  hydrochloric  acid.  Pipette  1  ml.  of  filtered  gastric  contents  into 
a  small  evaporating  dish  and  evaporate  to  dryness  on  a  water  bath. 
Then  heat  carefully  over  a  Bunsen  burner  until  a  greyish  ash  is 
obtained.  Avoid  overheating  since  some  of  the  mineral  chlorides 
may  then  be  lost  by  volatilization.  A  red  heat  must  not  be  reached. 
Add  3  ml.  of  the  silver  nitrate  solution,  2  ml.  of  nitric  acid,  and  con¬ 
tinue  as  above.  The  ealculation  is  similar. 

Ml.  N/10  mineral  chlorides  per  100  ml.  of  gastric  contents 
=  (Titration  of  standard  —  titration  of  unknown)  x  20. 


INTERPRETATION 

The  total  chloride  content  of  gastric  juice  is  about  155  milli- 
equivalents  per  litre,  but  in  the  gastric  contents  as  obtained  in  a  test 
meal  is  lower  than  this  due  to  admixture  with  varying  amounts  of 
other  material.  In  resting  contents  it  may  range  from  about  40  to 
loO  nnl  .equivalents  per  litre.  The  total  chloride  falls  considerably 
alter  taking  the  meal,  then  rises’ as  gastric  secretion  is  produced. 

Ihe  term  active  acidity  han  been  given  to  the  difference  between  the 
total  and  mineral  chlorides.  It  thus  corresponds  to  the  free  hvdro- 
chlorie  acid  plus  the  protein  hydrochloride.  ^ 

1  he  iiresence  of  considerable  amounts  of  mineral  chloride  has  been 
held  to  show  that  regurgitation  from  the  duodenum  has  taken  place 
with  consequent  neutrah7.ation  of  acid  in  the  stomach. 

Tests  for  Digestive  Enzymes 

'vhether 

cnnin.  Hoekus  (1048)  has  used  a  simple  method  for  testing  for 
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the  presence  of  gastric  rennin.  Add  5  drops  of  gastric  juice  to  5  ml. 
of  fresh  milk  in  a  test  tid)e  and  place  in  an  incubator  or  water  bath 
at  40®  C.  for  fifteen  minutes.  If  rennin  is  present,  coagulation  of  the 
milk  occurs. 

Pepsin.  An  early  method  much  used  is  that  of  Mett,  in  which 
narrow  glass  tubes  are  filled  with  coagulated  egg  white  and  placed  in 
a  mixture  of  gastric  contents  and  hydrochloric  acid  and  incubated 
for  twenty-four  hours  at  37°  C.  The  amount  of  digestion  is  related 
to  the  length  of  protein  digested.  The  method  is  described  fully 
by  Hawk  et  al.  (1947). 

"  Hunt  has  published  a  convenient  method  which  uses  the  digestion 
of  dried  serum. 


Determination  of  the  Peptic  Activity  of  Gastric  Contents  (Hunt,  1948) 

Anson  and  Mirsky  (1932)  used  carboxyhscmoglobin  as  substrate, 
and  modifications  of  their  method  have  been  published  by  Beazell 
et  al.  (1938),  and  by  Bucher  et  aZ.  (1945).  Hunt  uses  dried  plasma  or 
serum,  but  measures  the  peptic  activity  by  the  same  method, 
utilizing  the  blue  colour  given  with  the  Folin  and  Ciocalteu  recent. 

Reagents.  1.  Trichloracetic  acid,  0-35  N  solution.  This  is 
approximately  6  per  cent.  w/v.  Standardize  to  0-35  N. 

2.  N/4  sodium  hydroxide. 

3.  Hydrochloric  acid,  jjH  2*1. 

4.  Folin  and  Ciocalteu  reagent  (see  p.  310). 

5.  Standard  phenol  solution.  Five  mg.  per  100  ml.  solution. 

fi  Substrate  Dissolve  5-6  grams  of  dried  citrated  plasma  or  dried 
seruni"^  distilled  water  with  sufficient  hydrochlorie  acid 
to  give  an  acidity  of  pU  2-1  as  determined  by  a  glass  electrode  at 
18®  to  22®  C.  Stir  the  solution  and  filter  through  cotton  wool. 

Technique  For  each  determination  place  four  tubes,  (1)  and  (2) 

ntoTtl.  to':a:h  oftf”  (!)';:<?  w/mcubafe  for 

nftecn  minutes  at  the  ‘^7  pouring 

l-aSL  A. ‘r  to^\- 

and  Ciocalteu  reagent,  am  8  a  red  filter  or  transmission  at 

the  colour  in  thirty  minutes,  using  a  rea 

680  millimicrons.  ,  ,  .  i  control  gives 

calculation.  The  i ,7  “x  2  mb  of  a  frfshly 

a  measure  of  the  peptic  activity.  As  stanrtara, 

prepared  phenol  solution  Sjatelv  1  ml.  of  Koliii  and 

of  N/l  sodium  hydroxide,  “"j  ^  ,  j  ^ter  after  five  to  ten  minutes. 

^piruTa 
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50  units  of  peptic  activity  per  ml.,  when  tlie  colour  produced  in  the 
above  estimation  equals  that  of  this  standard. 


FRACTIONAL  TEST  MEAL.  INTERPRETATION 

Resting  Contents 

Volume.  In  most  normal  cases  after  a  night’s  fast  oidy  a  small 
quantity  (20  to  50  ml.)  of  resting  contents  is  obtained.  It  is  difficult 
to  give  any  hard  and  fast  dividing  line  above  which  the  volume  can 
be  regarded  as  pathological,  but  anything  above  100  to  120  ml.  may 
be  considered  to  be  abnormal. 

An  increased  volume  of  resting  contents  may  be  due  to  hyper¬ 
secretion  of  gastric  juice  ;  to  retention  of  gastric  contents,  that  is, 
to  delayed  emptying  of  the  stomach  ;  and  to  regurgitation  from  the 
duodenum.  When  there  is  hypersecretion  the  contents  are  clear  and 
almost  colourless,  and  usually  have  a  rather  high  free  acidity.  The 
increase  in  volume  is  often  moderate  and  is  found  most  commonly  in 
patients  who  have  a  duodenal  ulcer.  With  delayed  emptying,  "the 
most  important  cause  of  increased  resting  contents,  large  quantities  of 
food  residues  may  be  held  back  in  the  stomach.  This  occurs  when 
there  is  pyloric  obstruction,  as  may  be  the  case  in  malignant  disease 
of  the  stomach,  when  there  is  usually  achlorhydria  and  frequently 
organic  acids  present,  or  in  duodenal  ulcer,  when  free  acid  is  present 
often  in  higher  concentration  than  in  normal  resting  contents.  Very 
large  quantities,  up  to  1  to  2  pints,  may  be  withdrawn.  Tests  for 
starch  are  positive,  whereas  normally  they  are  negative.  Micro¬ 
scopic  examination  shows  the  presence  of  food  residues.  Finally,  if 
there  is  increased  volume  due  to  regurgitation  from  the  duodenu’m, 
bile  will  be  present.  This  is  not  an  important  cause  of  such  an 
increase  in  the  fasting  state. 

Bile.  Bile  may  be  found  occasionally  but  is  not  usually  of  anv 
particular  significance.  A  small  amount  may  be  regurgitated  from 
the  duodenum  into  the  stomach  as  a  result  of  the  nausea  which  some 
jieople  experience  m  swallowing  the  tube. 

K  7  should  not  be  present.  A  small  amount  of  fresh 

bright  red  blood  is  occasionally  seen  in  the  resting  contents  and 
towards  the  end  of  the  test  when  the  stomach  is  almost  empty.  Such 
blood  IS  due  to  trauma  and  as  a  rule  is  easily  distinguished  frLi  blood 

tbp  pathological  condition.  Blood  which  has  been  in 

the  stomach  for  some  time  is  usually  brown  or  reddish-brown  in 
colour  In  the  presence  of  hydrochloric  acid,  red  blood  cells  are 
hamiolyzed  and  dark  brown  acid  ha^matin  formed.  This  occurs  in 
gastric  ulcer,  and  occasionally  in  gastric  carcinoma  Wb! 
presence  of  biood  is  associated  r^^ith  cleVeTen?pC™\l>^V^^^^^^^ 
the  blood  IS  usually  mixed  with  food  giving  various  shade!  of T!  ’ 
according  to  the  amount  of  blood  present  Tbir  -  ^  " 

th?p;:fiS;'zi'i;ird'ariTiK^^^ 
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respiratory  passages  may  be  swallowed  and  appear  as  altered  blood 
in  gastric  contents. 

Organic  Acids.  Lactic  Acid.  It  is  now  generally  held  that  lactic 
acid  and  other  organic  acids  are  formed  by  the  action  of  bacteria  on 
food  remaining  in  the  stomach.  For  such  action  to  take  place  there 
must  be  little  or  no  hydrochloric  acid  present  and  food  must  remain 
in  the  stomach  for  rather  long  periods  of  time.  Achlorhydria  asso¬ 
ciated  with  retention  of  food  thus  gives  the  most  favourable  conditions 
for  this  fermentation,  so  that  lactic  acid  is  found  almost  exclusively 
in  gastric  carcinoma.  The  view  held  at  one  time  that  lactic  acid 
could  be  secreted  by  the  stomach  in  this  condition  has  been 
abandoned. 

Mucus.  Normally  mucus  is  only  present  in  small  amounts.  It  is 
increased  in  gastric  carcinoma  and  in  gastritis.  Generally  speaking 
the  quantity  is  inversely  proportional  to  the  amount  of  hydrochloric 
acid  present.  Much  mucus  in  the  resting  contents  is  often  due  to 
swallowed  saliva. 


Residual  Contents.  The  stomach  may  be  found  to  be  empty  during 
the  last  hour  of  the  test  in  normal  people.  Otherwise  not  more  than 
30  ml.  of  residual  contents  remain  at  the  end  of  two  and  a  halt  tiours. 
The  most  common  cause  of  an  increased  amount  is  delayed  emptying 
of  the  stomach.  Then  several  hundred  ml.  of  residual  contents 

mav  be  withdrawn. 


Acidity  Curves 

The^^^is^mmally  a  small  amount  of  free  hydrochloric  acid  in  the 
resting  contents.  This  is  almost  always  below  30  units  (m  ml.  N  10 
acid  ner  100  ml.  of  gastric  contents).  The  total  acidity  lies  a  on 
to  10  units  higher.^  An  appreciable  number  of  cases  sho^y  no  free 
acid  in  the  resting  contents.  After  drinking  the  meal  there  is  a  short 
■  1  n  nii'irter  to  three-quarters  of  an  hour  m  most  cases, 

bXe’free  acid  is  found  again.  Tlie  free  acid  then  rises  steaddy  to 
reac^a  r^axhlm  at  about  one  and  a  quarter  to  one  and  a  half  hou 
after  which  the  concentration  of  free  ac.d  total 

free  acid  ranges  from  15  to  «  H'®  ^^^emve  is  shown  in 

.^“IbrdO  ;e”&f  nor,naJ^  ^  h^h^f 

fhetVZerrhii:^  r  ““a;;  rXw  t^e  Hg-s  ^e..  A  cc^piae 
absence  of  hydrochloric  acid  f  ehildrcn,  it 

is  found  m  to  seventy^years  it  is  found  in  some  20 

increasing  age.  At  sn  y  increase  further  with  age. 

per  cent,  of  persons,  bu  o  g,„pty  at  any  time  during  the  last 

hoL^  oftrttrillood  shouM 

St?(?ret'o5)  and "tmees  may  be  present  towards  the  end  of  the 
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test,  but  heavily  stained  specimens  obtained  late  in  the  test  are  most 
frequently  due  to  the  tube  passing  into  the  duodenum  (see  p.  199). 
In  the  case  of  patients  following  partial  gastrectomy  or  after  gastro¬ 
enterostomy,  mixture  of  the  stomach  contents  with  bile  is  usual 
and  largely  unayoulable.  In  these  patients  the  value  of  the  fractional 
test  meal  IS  doubtful  because  of  technical  difficulties  in  siting  the  tube 
and  avoiding  regurgitation  of  duodenal  contents. 

2.  Abnormal  Curves 

in '“'tTerfis 
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Hyperchlorhydria.  This  may  be  said  to  occur  when  the  maximum 
free  acidity  exceeds  45  units.  Various  figures  have  been  suggested 
for  this  dividing  line.  These  range  from  40  to  60  units,  and  several 
workers  prefer  to  take  50  units.  As  with  most  limits  of  normal  there 
is  no  hard  and  fast  dividing  line.  The  acidity  refers  to  the  concen¬ 
tration  of  hydrochloric  acid  in  the  gastric  contents,  not  to  the  acid 
content  of  the  gastric  juice  as  secreted.  The  acid  is  thought  always 


T«,  -  trace 


Fig.  i2.  Fractional  Test  Meal.  Hyi>eracidity  (1). 


to  be  secreted  at  the  same  concentration  though  the  volume  of 

Tvper  ofTurvcwWcrniay  be  obtained  in  hyperchlorhydria  are 
*  ■'  V  i.>  Curves  intermediate  between  these  may 

“  “"'I'Vten®  \4h  «.f  ivpe  Fig.  42)  tl,e  rate  of  emptying  of  the 

aim/ifL  sLil  ineidence  of  hyperchlorhydria  n.  apparently 
’'"a" “iUsTto  ,i‘r 'cent'! 'rftlles  oPduM  ulcer  show  hyperchlor- 
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hydria,  a  much  greater  percentage  than  tliat  found  in  any  other 
condition.  The  remaining  cases  are  almost  all  within  normal  limits. 
In  those  patients  with  hyperacidity  the  acidity  of  the  fasting  contents 
is  usually  increased  and  after  the  fall  in  acidity  when  the  meal  is 
taken,  there  is  a  rapid  rise  in  the  concentration  of  acid  to  levels  above 
normal.  In  some  cases  very  high  values  exceeding  100  units,  and 
even  reaching  130  units,  are  found  for  the  free  acid.  Although  they 
are  seen  oecasionally  in  patients  with  gastric  ulcer,  curves  similar  to 
that  shown  in  Fig.  43  are  most  charaeteristic  of  duodenal  ulcer,  since 
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found  but  will  be  moderate,  usually  not  more  than  100  to  200  ml. 
Boekus  stresses  the  value  in  duodenal  uleer  of  strongly  positive  tests 
for  blood  found  only  when  bile  is  present. 

In  gastric  ulcer  the  findings  are  not  so  eharaeteristie.  Though  there 
is  an  inereased  ineidence  of  hyperchlorhydria,  normal  results  are 
obtained  in  a]iproximately  50  per  eent.  of  cases,  whilst  in  some 
chronic  cases  a  hypoacidity  or  achlorhydria  may  develop  as  a  result 
of  an  associated  gastritis.  Blood  may  be  present,  particularly  in  the 
resting  contents.  Blood  together  with  hyperchlorhydria  is  suggestive 
of  gastric  ulcer,  but  may  also  be  found  occasionally  in  gastric  carci¬ 
noma.  An  ulcer  in  the  stomach  may  also  give  rise  sometimes  to 
pvloric  stenosis  or  spasm. 

Jejunal  a7id  gastrojejunal  ulcers  occur  as  sequelse  to  gastro-enteros- 
tomy.  They  are  more  often  found  when  the  hyperacidity  persists 

after  the  operation.  '  o  c  c 

It  should  also  be  noted  that  a  small  percentage  of  cases  of  cancer  of 

//le  5<owac/?  are  found  to  have  hyperchlorhydria. 

Achlorhydria.  This  term  is  used  when  there  is  no  secretion  o 
bvdrochloric  acid.  Enzymes  such  as  pepsin  may  still  be  present  in 
the  gastric  juice.  When  both  enzymes  and  acid  are  absent,  the  term 
Th^a  gaJrka  is  used  to  show  there  is  a  complete  absence  ot  gastr.c 

Afltrted  earlier,  achlorhydria  is  found  in  some  apparently  normal 

"lfn-n.ea 

Uin.‘1:r"l°/  kUwn  incidence  of  achlorhydria  for  a 

particular  age  group  is  "V"  '  jig  anasmia  due  to  iron  defi- 

It  is  clear,  however,  that  m  nucroey^ 

cieney,  there  is  a  “nsiderab  e  gy  cent,  of 

achlorhyilria,  also  an  appreciable  increase  iii 

cases  (Wintrobc,  lft-17).  1  ‘s  a^o^^^^  ^i^^^  jg32), 

hyperthyroidism  and  >“  sometimes  have  a  looseness  of  the 

■  "'j-atients  Such  attacks 

stools,  a  condition  known  taking  acid  and  pepsin, 

of  flatulence  and  stomach  there  is  a  high  incidence  of  achlor- 

As  regards  diseases  of  *  a  1  most  half  the  cases  may  be  expected 
hydria  in  cancer  of  the  ^  ind  half  the  rest  to  show  hypochlor- 

toshow  it  when  first  resting  contents  is  of  special 

hydria.  The  examination  ofjhe  obstruction.  The 

imiiortance,  ti^^es  very  considerably,  to  several  WO  nil. 

TveryTypS  piciutln  such  cases.  The  combined  acid  is  great  y 
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increased,  usually  ranging  from  30  to  80  units,  though  it  may  be 
higher.  The  Gunzberg  test  for  free  hydrochloric  acid  is  negative. 
When  it  is  possible  to  remove  the  mass  of  resting  contents  almost 
completely,  the  type  of  eurve  obtained  is  that  shown  in  Fig.  44. 
Often,  however,  it  is  difficult,  if  not  impossible,  to  remove  the  mass  of 
material  present  through  the  narrow  stomach  tube  used.  As  a  result, 
after  the  meal  has  been  drunk,  subsequent  specimens  are  still  found 
to  contain  a  certain  amount  of  resting  contents,  so  that  the  total 
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Whilst  gaslroenterostomy  almost  never  leads  to  true  achlorhydria 
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when  carried  out  in  patients  with  duodenal  ulcer,  gastric  acidity  is 
often  reduced  since  regurgitation  of  bile  is  frequent  and  emptying  of 
the  stomach  rapid.  Partial  gastrectomy,  however,  does  often  lead  to  a 
reduction  in  gastric  acidity  and  to  achlorhydria  in  a  considerable 

number  of  cases.  .  . 

Whilst  it  is  only  in  the  most  advanced  cases  of  cancer  and  gastritis 
that  an  achylia  develops,  there  is  achylia  gastrica  in  100  per  cent,  of 
cases  of  'pernicious  aucemia  and  of  subacute  combined  degeneration  of 
the  spinal  cord.  There  is  usually  little  or  no  resting  contents  and  the 
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KIG.  45.  Fractional  Test  Meal.  Achlorhydria. 

.t„n.ach  tends  to  e^y 

often  only  about  .  to  «  u.nts. 

An  example  is  sliown  in  >  'g-  emptying  is  not  usually 

tVliile  no  hard  and  fast  rib  a’s  when  there  is  aehylia. 

as  ra|)id  in  cases  “eiLns  up  to  the  end  of  two  and  a 

In  many  cases  the  f'j'J  "  8  P  je'sent  throughout  and 

half  hours  can  be  region  of  10  units  (Fig.  46). 

‘“T^^lt^^haTrchrJJh^dLtftL^rises  as  a  secondary  mamfesta. 
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tion.  Nevertheless,  impaired  absorption  of  minerals  such  as  iron, 
and  of  vitamins,  as  a  result  of  the  achlorhydria  may  be  of  importance 
in  the  aetiology  of  some  of  the  diseases  in  which' it  is  found.  The 
loss  of  the  action  of  the  acid  on  bacteria  in  the  stomach  may  also  be 
important  in  connection  with  some  cases  of  diarrhoea  and  colitis. 

Summary 

It  is  seen  that  whilst  the  fractional  test  meal  is  of  limited  value  as  a 
definite  aid  in  the  diagnosis  of  the  individual  with  dvspepsia,  if  it  is 
used  with  discretion  in  conjunction  with  clinical  findings  it  may  give 
useful  information  in  regard  to  the  concentration  of  acid  in  the 
stomach  and  as  to  the  state  of  the  jiylorus.  It  is  valuable  also  in 
revealing  the  existence  of  achlorhydria.  Further  information  as 
regards  the  type  of  achlorhydria,  which  is  particularlv  useful  in 
pernicious  anaemia  and  subacute  combined  degeneration  of  the  spinal 
cord,  IS  given  by  use  of  histamine  in  these  cases. 


the  use  of  hista^une 

Ilistamme  is  a  powerful  stimulant  for  the  secretion  of  hydrochloric 

Collection  of  gastric  contents  after  its 


acid  in  the  normal  stomach. 
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injection  is  used  in  investigating  cases  of  achlorhydria  revealed  by 
the  fractional  test  meal.  The  so-called  Histamine  test  meal  can  be 
carried  out  as  follows.  Pass  a  Rehfuss  or  Ryle  tube  as  for  the 
fractional  test  meal  and  withdraw  the  resting  contents.  Inject 
0-25  mg.  of  histamine  hydrochloride  subcutaneously.  Larger 
amounts  have  been  used,  up  to  0-01  mg.  per  kilogram  of  body  weight, 
but  rather  unpleasant  reactions  may  be  encountered  with  such  doses. 
After  the  injection  remove  10  ml.  of  stomach  contents  every  ten 
minutes  up  to  the  end  of  an  hour  so  far  as  this  is  possible.  Filter 
the  specimens  and  titrate  and  examine  as  described  above  for  the 

fractional  test  meal.  .  .4.1 

A  number  of  cases  which  show  achlorhydria  in  response  to  the 
fractional  test  meal  are  found  to  secrete  acid  when  given  histamine. 
On  the  other  hand  histamine  is  not  able  to  cause  any  secretion  of  acid 
in  patients  with  achvlia  gastrica.  Cases  which  do  not  produce  acid 
after  histamine  injection  have  been  described  as  histamine  resistant 
achlorhvdria.  The  demonstration  that  such  an  achlorhydria  is 
present  may  be  useful  in  the  diagnosis  of  subacute  combined  degencra- 
Lon  of  the  spinal  cord  and  pernicious  anaemia.  For  such  a  purpose 
the  test  may  be  done  instead  of  the  fractional  test  meal. 

Much  higher  concentrations  of  acid  are  found  111  the  specimens 
withdrawn  in  tlie  histamine  test  than  in  the  fractional  test  nieah 
Wimens  containing  50  to  100  units  of  free  acid  are  frequently 
obtained  in  normal  patients.  When  hyperchlorhydria  has  been 
found  in  the  fractional  analysis,  for  example  in 
nice  may  be  secreted  and  a  higher  concentration  of  acid  found  in  the 
Specimens  obtained  after  giving  histemme  than  in  normal  ca^ 
However,  the  test  does  not  give  any  information  m  sueh  cases  «n 

Histamine  acts  only  on  the  acid  secrei,  g  e„„mes  such  as 
mucous  pepsin  ^hich  results  from  injecting  hista- 

SIs  probably  due  to  wLhing  out  enzyme  already  produced. 

thk  alcohol  test  meal 

Alcohol  has  also  been  used  - 
To  carry  out  the  test  pass  a  K«htuss  1 

resting  contents.  Giv  e  .  ^  -yerv  lifteen  minutes  for  about  an 
samples  of  the  stonmeh  '^Lisr^ue  can  be  added  to  give  an 

hour  and  a  half.  Some  methylene  blue  specimens 

indication  of  the  emptying. time  o  filtering  than  are  those 

s;:S  ““““  ""  "* 
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are  obtained  and  the  limits  of  normal  are  wider.  Otherwise  the 
findings  in  abnormal  cases  tend  to  parallel  those  already  described 
for  the  gruel  meal.  The  stimulus,  whilst  not  so  strictly  physiological 
as  that  of  the  oatmeal,  is  rather  more  vigorous. 

Histamine  can  also  be  combined  with  this  alcohol  test.  If  no  free 
acid  has  been  detected  iij)  to  the  end  of  an  hour  after  giving  the 
alcohol,  an  injection  of  histamine  can  be  given  as  previously  described, 
to  see  if  acid  is  then  produced. 

INSULIN  “TEST”  MEALS 

^Vhen  vagal  resection  is  carried  out  as  a  treatment  for  duodenal 
ulcer  an  insidin  “  test  meal  ”  is  used  to  determine  whether  the  section 
of  the  vagus  has  been  successfully  performed.  There  is  good  evidence 
to  show  that  the  gastric  secretion  which  results  from  the  injection  of 
insulin  is  due  to  the  central  stimulation  of  the  vagus  by  the  hypo- 
glycaemia.  P^'or  this  effect  to  occur,  a  significantly  low'  blood  sugar 


acid  CUKve  AFTEK  vA<jOToix\'f  , 


Fig.  47.  Insulin  Test  Meal. 
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must  be  produced.  Hollander  (1946,  1948,  1951)  suggested  that  the 
blood  sugar  must  be  brought  below  50  mg.  per  100  ml.  Brooke 
(1949)  states  that  a  level  below  45  mg.  per  100  ml.  is  necessary  for 

a  completely  reliable  test.  ^ 

Technique.  Carry  out  the  test  in  the  morning  after  a  night  s  fast 
and  give  no  breakfast.  Pass  a  Rehfuss  or  Ryle  tube  and  enipty  the 
stomach.  Then  give  15  units  of  insulin  intravenously.  This  is  the 
amount  which  has  usually  been  given,  but  Brooke  suggests  that 
10  units  is  sufficient.  Patients  rarely  develop  symptoms  sufficiently 
severe  or  prolonged  to  require  treatment  with  glucose.  Alter 
iniecting  the  insulin  withdraw  approximately  10  ml.  samples  ot 
gastric  contents  every  quarter  hour  for  two  and  a  half  hours.  I  liter 
the  specimens  and  examine  as  in  the  fractional  test  meal,  titrating 
the  free  and  total  acid  and  testing  for  starch,  blood,  and  bile.  No 
starch  should  be  present.  Determine  the  blood  sugar  at  least  once, 
half  an  hour  after  giving  the  insulin,  m  order  to  make  sure  that  a 
sufficiently  low  levd  is  reached.  If  the  blood  sugar  then  is  above 
50  mg.  per  100  ml.  repeat  the  blood  sugar  estimation  as  soon  as 
possiffie  but  not  later  than  an  hour  after  giving  the  insulin. 
%esulis.  In  patients  before  operation  there  .s  *  “d 

nrolonged  output  of  acid  in  response  to  the  insulin.  The  concentra 

C  oTfree  ac^  may  rise  to  well  over  AXrVop^ra^ 

vagotomy  there  is  no  response  to  the  insuhn.  Typical  pre-operative 

and  post-operative  findings  are  shown  m  Fig. 

It  has  been  the  practice  of  some  surgeons  to  have  the  test  aone 

ore  operatively,  then  soon  after  the  operation  and  once 

pre  ^  TtvrynVp  has  suffirested  that  it  is  sufficient  and  quite 

all  the  fibres  of  the  nerve  have  been  cut,  it  can  usuaiiy  i 
that  this  is  the  case. 

TESTS  FOR  BLOOD  IN  FAECES 

r>f  tVip  faeces  for  the  presence  of  altered  blood  is 
Examination  of  the  tscces  lo  v  or(?anic  lesions  of  the 

StTryTraet!  “StS;!  ravailable  bu!  the  ben.idine  test 

in  one  form  or  another  is  most  commonly  used. 

The  Benzidine  Test 

Iron  containing  derivatives  of  the  faces  liave 

fsMafa"ctiol'’b^tT^^^^^^^  ^ted'^”' 

test.  Blue-coloured  cert.^olution  in  glacial  acetic 

acr/^&re'frSdy -^^y  three  days,  and  keep  in  the  dark 

"'^"H^drogrperoxide.  10  volumes  per  cent.  Prepare  at  frequent 
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intervals  from  stock  100  volumes  per  cent,  by  diluting  1  to  10  vvjth 
W’fltcr 

Technique.  Take  a  small  portion  of  faeces  about  the  size  of  a  large 
marble  and  mix  thoroughly  with  about  10  ml.  of  water  in  a  6  X  1  inch 
test  tube.  Boil  for  about  a  minute  in  order  to  destroy  ])eroxidases. 
Cool.  iMix  equal  volumes  of  the  benzidine  solution  and  the  hydrogen 
peroxide  in  another  test  tube.  After  making  sure  that  no  colour 
develops  in  this  mixture  (about  one  minute)  add  faecal  suspension 
slowly  with  shaking  until  an  amount  equal  in  volume  to  the  inixture 
of  benzidine  and  peroxide  has  been  added.  The  test  is  positive  if  a 
blue  or  greenish-blue  colour  is  produced.  A  rough  indication  of  the 
amount  of  blood  present  can  be  obtained  by  observing  the  speed  with 
which  the  colour  develops,  and  the  intensity  of  the  colour  produced. 
All  types  of  response  from  a  deep  blue  colour  with  one  or  two  drops  of 
suspension  to  a  negative  result  are  obtained.  Tests  can  be 
reported  strongly  positive  when  a  deep  blue  colour  develo}:)S  immed¬ 
iately  on  adding  the  first  few  drops  of  faecal  sus|)ension,  positive 
when  the  colour  develops  immediately  on  mixing  and  deepens  rapidly, 
weakly  positive  when  the  colour  develops  only  slowly,  and  negative 
when  there  is  no  blue  colour. 

The  test  tubes  used  should  be  thoroughly  cleaned  out  with  soap 
and  water,  well  rinsed  w'ith  water,  and  allowed  to  stand  with  distilled 
water  in  them  until  used. 

Notes.  1.  Preparation  of  the  Patient.  Before  the  test  is  done  it 
is  essential  that  the  patient  should  have  been  on  a  haemoglobin-free 
diet  for  at  least  two  to  three  days.  Meat  and  meat  products  are 
forbidden  during  that  time.  Some  workers  also  exclude  chlorophyll 
by  omitting  green  vegetables.  A  check  on  the  adecpiacy  of  the 
dietary  restrictions  can  be  made  by  examining  the  ficces  micro¬ 
scopically  for  partially  digested  muscle  fibres  if  a  positive  test  is 
obtained  (see  p.  280).  If  these  are  present  a  further  specimen  of 
fapces  should  be  collected.  As  regards  iron  salts  taken  as  treatment 
for  ansemia,  while  weakly  positive  tests  have  been  found  sometimes 
in  the  apparent  absence  of  blood  if  iron  is  being  taken,  other  workers 
have  reported  iron  salts  to  have  no  effect  on  the  test  (Hughes,  1052). 

2.  The  benzidine  test  as  described  above  is  a  very  sensitive  test. 
On  microscopic  examination  the  ficces  of  person's  without  anv 
a])})arcnt  lesion  of  the  gastro-intcstinal  tract  are  often  found  to 
contain  small  numbers  of  red  blood  cells.  It  has  been  felt  bv  some 
workers,  therefore,  that  the  test  as  ordinarily  carried  out  is  too 
sensitive.  Sensitivity  can  be  diminished  by  using  less  concentrated 
solutions  of  benzidine.  King  (1051)  uses  3  per  cent,  benzidine  in 
glacial  acetic  acid  instead  of  the  10  per  cent,  solution  used  above 
which  approximates  to  the  saturated  solution  used  bv  a  number  of 
"wkers  (for  example,  Harrison,  1IU7),  Iti  which  case  a  knife  point 
of  benzuhne  is  shaken  with  a  few  ,nl.  of  acetic  aci.l,  an  ennal  vohnne 

Tl,  7l  athlcd  and  the  test  tlone  as  described  above 

Ibis  latter  technuinc  gives  results  similar  to  those  using  to  per  cent' 
hen.idme  solntion.  Using  a  .3  per  cent,  solution  a  nunibcr  of  tests 
.  c  found  to  be  negative,  which  give  positive  results  with  1(1  jier  cent. 
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or  saturated  solutions  of  benzidine.  More  information  is  obtained  if 
several  concentrations  of  benzidine,  for  example,  1,  3,  5  and  10  per 
cent,,  are  used.  Positive  results  with  1  and  3  per  eent.  may  be  taken 
to  indicate  the  presence  of  bleeding  with  a  high  degree  of  certainty, 
particularly  with  the  1  per  cent.,  but  negative  results  do  not  eom- 
pletely  exclude  it.  Positive  results  with  5  and  10  per  eent.  benzidine, 
especially  the  latter,  are  of  doubtful  significance. 

3.  The  question  of  varying  the  sensitivity  of  the  technique  used 
has  also  been  related  to  the  effect  of  taking  meat.  Many  workers 
have  wished  to  avoid  the  trouble  of  placing  the  patient  on  a  meat-free 
diet  for  several  days.  By  reducing  the  sensitivity  of  the  test,  it  has 
been  hoped  a  technique  could  be  developed  whieh  would  obviate  the 
need  for  such  dietary  restrictions.  The  author  at  one  time  investi¬ 
gated  the  use  of  a  wide  range  of  concentrations  of  benzidine  in  this 
connection.  It  appeared  that  if  a  positive  test  was  obtained  using  a 
1  per  cent,  solution  of  benzidine,  this  could  be  taken  to  indicate  the 
presence  of  bleeding  even  without  special  dieting. 


Gregerson  used  a  slide  test  with  the  same  object.  The  fjcces  arc 
not  boiled  in  this  test,  but  a  small  portion  of  faeces,  best  taken  from 
inside  the  stool,  is  smeared  on  a  slide.  A  mixture  of  0-2  gram  of 
barium  peroxide  and  0-025  gram  of  benzidine  is  dissolved  m  o  ml.  ot 
50  per  eent.  acetic  acid,  and  a  few  drops  of  this  added  to  the  faeces  on 
tPr.  cliflp  As  before,  a  ffreen  or  blue  colour  indicates  a  positive  result. 


The  Guaiac  Test 
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2.  Hydrogen  peroxide.  Ten  volumes  per  cent. 

Technique.  A  small  portion  of  faeces  is  mixed  with  a  few  ml.  of 
water  and  boiled  as  before  to  inactivate  enzymes.  After  cooling  add 
to  about  an  equal  volume  of  a  1  :  1  mixture  of  the  alcoholic  gum 
guaiacum  and  hydrogen  peroxide.  A  positive  test  is  shown  by  the 
development  of  a  blue  colour. 

This  test  is  not  nearly  so  sensitive  as  the  benzidine  test.  Appre¬ 
ciable  amounts  of  blood  may  not  be  detected.  Whilst  this  may 
sometimes  be  due  to  the  use  of  unsatisfactory  gum  guaiacum  this  is 
not  always  the  case.  The  test  is  not  recommended. 

The  Reduced  Phenolphthalein  Test 

Reagents.  1.  Reduced  jjhenolphthalein.  Dissolve  2  grams  of 
phenolphthalein  and  25  grams  of  potassium  hydroxide  in  100  ml.  of 
water,  and  add  10  grams  of  powdered  zinc.  IVIix  well,  and  warm 
gently  until  the  red  colour  disappears  completely.  Filter,  and  add 
a  little  zinc  to  the  filtrate  to  prevent  oxidation. 

2.  Glacial  acetic  acid. 

3.  Hydrogen  peroxide,  10  volumes  per  cent. 

4.  Ether. 

Technique.  •  Make  a  small  amount  of  focal  suspension  in  water, 
and  add  a  little  glacial  acetic  acid.  Extract  with  10  to  20  ml.  of 
ether  and  ])our  this  extract  into  a  test  tube.  Add  about  1  ml.  of 
reduced  phenolphthalein,  shake  gently,  and  add  a  few  drops  of 
hydrogen  peroxide.  A  pink  to  red  colour  is  produced  if  blood  is 
present,  fading  rather  quickly  with  small  amounts,  but  persisting 
longer  according  to  the  amount  of  blood  present.  The  intensity  of 
the  colour  is  roughly  proportional  to  the  amount  of  blood  present. 
1  he  colour  may  be  given  if  hydrogen  peroxide  is  not  added,  but  the 
test  IS  then  less  sensitive.  The  ether  extract  must  not  be  too  acid, 
and  if  much  acetic  acid  has  been  added  it  is  best  to  neutralize  by 
adding  a  little  10  per  cent,  sodium  hydroxide. 

The  test  appears  to  be  a  little  less  sensitive  than  the  benzidine  test 
as  described  above,  but  appreciably  more  sensitive  than  the  guaiac 


INTERPRETATION 

A  positive  test  indicates  that  blood  has  been  introduced  at  some 
point  between  the  mouth  and  the  anus.  If  the  test  is  being  used  in 
the  d.aposis  and  treatment  of  gastric  or  intestinal  diseases  it  is 
obviously  necessary  to  exclude  the  possibilitv  that  blood  has  been 
mtroduced  higher  up  or  lower  down  the  alimeiitary  tract.  The  effect 

do^t 

duced.  That 
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also  be  borne  in  mind.  Sinee  there  may  be  a  little  bleeding  when  a 
tube  is  passed  for  a  fractional  test  meal  false  positive  results  may  be 
obtained  during  the  following  two  to  three  days. 

The  examination  is  mainly  used  in  the  diagnosis  and  treatment  of 
ulcers  and  malignant  growths  of  the  stomach,  duodenum,  small  and 
large  intestine.  It  does  not  afford  any  information  as  to  the  type  of 
lesion  present.  Bleeding  may  be  intermittent  so  that  the  test  is 
often  carried  out  at  intervals.  It  is  also  a  useful  practice  to  do  the 
test  on  three  successive  days,  when,  if  a  patient  is  on  a  meat-free  diet, 
this  does  usually  ensure  that  by  the  time  the  third  specimen  is  taken 
this  is  completely  reliable.  The  test  may  give  useful  information 
in  regard  to  the  cessation  of  bleeding  in  the  case  of  known  ulcers,  and 
so  be  used  in  deciding  the  rate  of  return  to  more  normal  diets. 

When  bleeding  is  severe  the  stools  are  dark  coloured  (melaena),  but 
in  other  cases  it  does  not  affect  the  appearance  of  the  feces.  Ibe 
term  occult  blood  is  used  to  describe  the  blood  present  m  such  cases. 
In  the  course  of  its  passage  through  the  intestine  oxyhemoglobin  is 
converted  into  hematin  and  porphyrins  only  the  f 
positive  tests.  In  the  case  of  bleeding  low  down  m  the  ahmen  y 
tract  however,  oxyhemoglobin  may  still  be  present.  It  can  be 
recognized  by  speetroseopie  examination  of  the  supernatant  fluid 
from  Si  ccntnfiiffcd  fsBCSil  suspension.  .  . 

In  addition  to  ulcers  and  ^nalignant  growths 
obtained  in  gastritis,  and  in  hicmorrhagic  diseases  such  as  purpura 

and  in  scurvy. 


(1938),  Amer.  J. 
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CHAPTER  XIV 

TESTS  IN  LIVER  AND  BILIARY  TRACT  DISEASE 


Tests  used  in  the  study  of  patients  with  liver  and  biliary  tract 
diseases  can  be  classified  according  to  the  specific  function  of  the  liver 
involved.  These  include  ; 

1.  Abnormalities  of  pigment  metabolism. 

(a)  Serum  bilirubin  and  Van  den  Bergh  reaction.  Icteric  index. 

(b)  Urine  bilirubin. 

(c)  Urine  and  faecal  urobilinogen. 

2.  Tests  based  on  the  liver’s  part  in  carbohydrate  metabolism. 

(a)  Galactose  tolerance  test. 

(b)  Laevulose  tolerance  test. 

3.  Tests  based  on  changes  in  plasma  proteins. 

(a)  Determination  of  the  plasma  proteins — albumin,  globulin 
and  fibrinogen. 

(b)  Flocculation  tests.  Thymol  turbidity  test  and  thymol 
flocculation  test  ;  serum  colloidal  gold  test  ;  cephalin 
cholesterol  flocculation  test  ;  zinc  sulphate  test  ;  Weltmann 
test  ;  Takata-Ara  test  ;  formol  gel  test. 

(c)  Amino  acids  in  blood  and  urine  (see  pp.  155,  159). 

4.  Tests  based  on  abnormalities  of  lipids. 

(a)  Determination  of  serum  cholesterol  and  of  the  proportion  of 
free  and  ester  cholesterol  (see  pp.  188-90). 

(b)  Determination  of  faecal  fats  (see  p.  289). 

5.  Tests  based  on  the  detoxicating  function  of  the  liver. 

(a)  Hippuric  acid  synthesis  test. 

6.  Excretion  of  injected  substances  by  the  liver. 

(a)  Bromsulphthalein  test. 

(b)  Bilirubin  excretion  test. 

7.  Formation  of  prothrombin.  Determination  of  prothrombin  time 

8.  Miscellaneous. 

(a)  Determination  of  serum  alkaline  phosphatase. 

(b)  Determination  of  serum  choline  esterasp 


Lichtmann  (1949). 


TESTS  BASED  ON  ABNORMALITIES  OF  BILE  PIGMENT 

METABOLISM.  .lAUNDICE  i 

in  concentration  of  bilirubin 
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urobilinogen.  Their  pliysiology  and  chemistry  will  be  briefly 
summarized  first. 

Bilirubin  is  formed  from  hannoglobin  in  the  reticulo-endothelial 
system  (spleen,  bone  marrow,  Kupffer's  cells  in  the  liver),  and  then 
circulates  in  very  low  concentration  in  the  blood.  This  bilirubin  has 
been  termed  “  blood  bilirubin  ”  or  haemobilirubin.  It  is  excreted 
into  the  bile  by  the  liver  cells,  when  it  undergoes  some  change, 
possibly  in  its  linkage  to  protein.  This  bilirubin  may  be  termed 
“  bile  bilirubin  ”  or  cholebilirubin.  It  passes  in  the  bile  into  the 
intestine  where  it  is  reduced  by  bacterial  action  to  urobilinogen. 
This  is  dealt  with  in  two  ways.  The  greater  part  is  excreted  in  the 
faeces.  There  is  then  partial  reoxidation  on  exposure  to  air,  with 
formation  of  urobilin  (stercobilin)  and  some  darkening  in  colour. 
The  rest  of  the  urobilinogen  is  absorbed  in  the  intestine  and  passes  in 
the  portal  circulation  to  the  liver.  The  greater  part  of  this  is  re¬ 
excreted  by  the  liver  in  the  bile  as  urobilinogen  or  bilirubin.  A  small 
part,  however,  enters  the  general  circulation  and  is  excreted  in  the 
urine  as  urine  urobilinogen.  Again,  some  may  oxidize  to  urobilin 
when  the  urine  is  exposed  to  air. 

Chemically  these  substances  contain  the  chain  of  four  pyrrol  groups 
obtained  when  the  ring  of  these  in  the  porphyrins  (see  p.  406)  is 
opened. 

Bilirubin,  C33H36O6N4,  has  the  structural  formula  : 


CH3-  C 


c-ch=ch3_  tH-c. —  e-R  a-c —  c-ch^ 


NH 


Crti-e=c-cH=CH 

If  ^ 


HO-C  C=CH  — C  C-CH^-C  C-CH=C  C-OH 

%/  \/  \/ 

N  NH 


N 


Bilirubin 

in  which  R  =  CHoCHaCOOH.  .  ^  ^ 

Bilirubin  is  obtained  from  evaporated  bile  or  powdered  gall  stones 
when  these  are  extracted  successively  with  ether,  hot  water,  10  per 
cent,  acetic  acid,  alcohol,  and  hot  glacial  acetic  acid  These  remove 
sterols  bile  salts,  biliverdm,  and  inorganic  salts.  The  residue  is  dri 
and  extracted  with  hot  chloroform,  from  which  the  bilirubin  can  be 
crvstallized  Bilirubin  is  insoluble  in  water,  dilute  acids,  aiid  the 
common  fat  solvents,  but  dissolves  in  hot  chloroform  and  alkalies. 
Solutions  of  bilirubin  do  not  show  a  characteristic  spectrum, 
“"dl  C33H3.0,N„  is  fonned  i,y  mild  ox.datmn  o  bd.rub.n. 
Its  structural  formula,  R  being  the  same  as  m  bilirubm, 

CH  -  C=C-CH  -Ol^  CHj  C—  C-  R  R-  e=C-e.H3 

I 


HO-C  C: 

\  / 

N 


.CH— c  c-cH=e  c- 
\/ 
nh 


CH=C  C-oH 

\/ 

N 


Biliverdin 
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It  is  formed  spontaneously  when  bilirubin  is  oxidized  by  exposure  to 
air  in  alkaline  solution,  by  oxidation  with  ferric  chloride  in  acetic 
»  acid,  or  is  treated  with  hydrogen  peroxide.  It  is  precipitated  on 
acidification  with  hydrochloric  acid  as  floccules  of  hydrochloride. 
Unchanged  bilirubin  can  be  removed  by  chloroform  extraction. 
Biliverdin  is  dark  green,  insoluble  in  water,  moderately  soluble  in 
ether  and  chloroform,  readily  soluble  in  alcohol  and  glacial  acetic 
acid.  In  alkalies  it  dissolves  to  form  salts.  These  solutions  are 
bright  green  and  have  an  absorption  band  in  the  red. 

Urobilinogen,  C33II48O6N4,  has  the  structural  formula  (R  as  before): 


HO-CH  C - CH. -  C  C-CH— C  C  —  CH,—  C  CH-OH 

\/  \ /  ^  \ /  \/ 
nh  nh  NH  MH 

Urobilinogen 

It  is  formed  by  reduction  of  bilirubin  in  the  intestine.  It  reoxidizes 
to  urobilin  on  exposure  to  air  or  when  treated  with  mild  oxidizing 
agents.  It  is  a  colourless  crystalline  solid,  which  shows  no  absorption 
bands  m  solution  and  no  fluorescence  on  addition  of  zinc  salts.  Like 
urobilin  it  is  precipitated  by  saturation  with  ammonium  sulphate, 
but  unlike  urobilin  it  gives  an  immediate  red  colour  with  Ehrlich’s 
aldehyde  reagent.  It  is  soluble  in  ether  and  light  petroleum. 

Urobilin,  stercobilin,  C33H4gOeN4.  Its  structure  is 


— C-R  R-c=C-cHj, 


c  C  CH  C  C—CH5^C  CH-OH 
nh  m 

"  N  nh 

Urobilin 


\i  M  ‘he  Serum  Bilirubin 

^erum  are  based 

-CIS  with  bdirubin 


The  Van  den  Bergh  Reaction 

1  h.s  consists  of  two  parts,  the  direct  and  indirect  reactions.  The 
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latter  serves  as  a  quantitative  estimation  of  the  serum  bilirubin 
(Van  den  Bergli  and  Snapper,  1913  ;  Van  den  Bergh  and  Muller, 
1916). 

Reagents.  The  diazo-reagent.  Prepare  freshly  before  use  by 
adding  0-3  ml.  of  solution  B  to  10  ml.  of  solution  A. 

Solution  A.  Dissolve  1  gram  of  sulphanilic  acid  in  15  ml.  of 
concentrated  hydrochloric  acid  and  make  up  to  1  litre  with  water. 

Solution  B.  Dissolve  0-5  gram  of  sodium  nitrite  in  water  and 
make  up  to  100  ml.  Prepare  freshly  at  frequent  intervals. 

Technique.  1.  The  Direct  Reaction.  Pipette  0-5  ml.  of  serum  into 
each  of  two  small  test  tubes  and  add  0-5  ml.  of  water  to  one  of  them. 
This  serves  as  a  control  with  which  the  test  can  be  compared.  To 
the  second  tube  add  0*5  ml.  of  the  diazo-reagent,  mix,  and  observe 
any  colour  change  which  occurs,  noting  the  time  after  mixing  of  any 


such  change. 

Three  different  responses  may  be  obtained  : 

(a)  The  immediate  direct  reaction,  in  which  there  is  an  immediate 
development  of  colour  proceeding  rapidly  almost  to  a  maximum. 
There  is  usually  relatively  little  change  in  colour  after  three  to  tour 
minutes  have  elapsed.  The  time  taken  to  reach  this  maximum 
colour  has  been  measured  by  repeating  the  test  and  observing  the 
time  required  for  the  colours  to  become  identical.  .  .• 

Van  den  Bergh  differentiated  between  a  prompt  direct  reaction 
which  reached  completion  in  thirty  seconds,  and  5. 
reaction  in  which  colour  development  began  immediately,  but  took 
Lnger  t^  reach  maximum  intensity.  This  distinction  has  been 

abandoned  by  most  workers.  11+1  rvinnr  nnlv  bemns  to 

Ih)  The  delayed  direct  reaction,  m  which  the  colour  only  begins  to 

aDoear  from  five  to  thirty  minutes  after  mixing  the  serum  and  the 

diazo-reagent,  and  then  develops  slowly  to  a  maximum. 

tion  fronfthe  immediate  direct  reaction  is  usually  easy,  but  may  b 

difficult  when  the  amount  of  bilirubin  present  is  sma  . 

(c)  No  direct  reaction  may  be  observed.  Riiirnhin  The 

increased.  31etlioas  01  tsi  J’,  .  serum  proteins  are 

into  two  groups  considered  neces- 

«...  u*; 

reagent  "lie"  without  reniodl  of  the  proteins^ 

in  which  this  has  ocei  .11  nrnteins  were  precipitated 

In  Van  den  Bergh’s  origina  method,  seru^ 

by  addition  of  ethyl  alcohol,  and  Hence  arose  the 

the  suiierimtant  fluid  “proportional  to  the 

term  indirect  reaction.  ^  eompared  with  suitable  standards. 

S:;“r«Ude"tl'  1  biSin  with  ti« 

itar-ItTo.;’!  ^reX^rerem-rKlfer,  .i.,-  King  and 
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his  co-workers  have  introduced  further  modifications  (Haslewmod 
and  King,  1937  ;  King  and  Coxon,  1950).  In  the  last  method  King 
claims  to  have  overcome  this  difficulty. 

For  the  quantitative  estimation  of  bilirubin,  Van  den  Bergh  first 
used  as  standard,  solutions  of  pure  bilirubin,  then  later  a  solution  of 
cobaltous  sulphate  containing  2-16  grams  of  the  anhydrous  salt  per 
100  ml.  of  solution.  This  has  the  same  colour  as  that  given  w'ith 
the  diazo-reagent  by  a  solution  of  bilirubin  in  a  final  dilution  of 
1  in  4.  Subsequently  an  aqueous  solution  of  potassium  perman¬ 
ganate  and  an  ethereal  solution  of  ferric  thiocyanate  have  been  used. 
Haslewood  and  King  (1937)  studied  several  of  these  methods  and 
showed  that  a  methyl  red  standard  at  pH  4-6  to  4-7  most  closely 
resembles  the  colour  of  azobilirubin. 

Determination  of  Serum  Bilirubin  without  Protein  Precipitation 

I.  Method  of  Malloy  and  Evelyn  (1937) 

Serum  is  diluted  with  water,  and  methyl  alcohol  added  in  an 
amount  insufficient  to  precipitate  the  proteins,  yet  sufficient  to  permit 
all  the  bilirubin  to  react  with  the  diazo-reagent.  Absolute  methyl 
alcohol  gives  a  clearer  solution  than  95  per  cent,  ethyl  alcohol. 

Reagents.  1.  Absolute  methyl  alcohol. 

2.  Hydrochloric  acid,  1-5  per  cent.  Dilute  15  ml.  of  the  concentrated 
acid  to  1  litre  with  water. 


Mg.  bilinibin  per  100  ml.  serum 
i'll,  standard  solution 
Ml.  nriethyl  alcohol  !  | 

Ml.  diazo-reagent  . 


ase  very  satisfactory 
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method  which  has  been  widely  used  is  that,  owing  to  the  1  in  25 
dilution  used,  not  much  colour  is  developed  when  the  value  of  the 
serum  bilirubin  is  low.  If  more  serum  is  used  in  an  attempt  to  over¬ 
come  this,  some  turbidity  results  from  slight  precipitation  of  protein. 
Hence  methods  have  been  devised  in  which  an  entirely  aqueous 
solution  is  used.  One  such  method  is  that  of  Powell  who  uses  an 
aqueous  solution  of  sodium  benzoate  and  urea  which  gives  almost 
immediate  development  of  colour  from  the  whole  of  the  bilirubin 
present,  at  a  1  in  10  dilution,  and  so  is  more  accurate  with  low  con¬ 
centrations  of  bilirubin  than  is  the  Evelyn  method. 


II.  Method  of  Powell  (1944) 

Reagents.  1.  Diazo-reagent  as  before  (p.  224). 

2.  Diazo-blank,  1-5  per  cent,  (v/v)  hydrochloric  acid. 

3  Sodium  benzoate-urea  solution.  Dissolve  10  grams  of  sodium 
benzoate  in  about  60  to  70  ml.  of  water,  add  10  grams  of  urea, 

Hissolvc  ftiicl  rricikc  up  to  100  ml*  Filter. 

4  sSndard  solution  of  bilirubin,  as  before,  containing  10  mg.  per 

100  ml.  chloroform  (p.  227).  „  mn  Prenarc 

5  A  working  standard  containing  0-8  mg.  per  100  ml.  prepare 

by  diluting  4  ml.  of  stock  solution  to  50  ml.  with  9o  per  cent,  ethyl 

“’Technique.  Total  and  direct  reacting  bilirubin  can  be  estimated 

bv  setting  up  the  following  tubes  :  reairent 

1.  Tot«l  Bilirubin.  Test  ;  0-4.  ml.  serum,  0-2  ml.  diazo  reagent, 

and  3-4  ml.  sodium  benzoate-urea 

Blank  :  0-4  ml.  serum,  0-2  ml.  cliazo  oiaiiK, 

Test  :  «-4  ml.  serum,  (V2  ml.  diazo-reagent. 

and  8-4  ml.  water.  ^  ^  ^  ^  diazo-blank,  and  3-4  ml.  of  water. 

Blank  .  0  4  ml.  »  >  nncl  read  in  the  colori- 

stand  at  room  temperature  or  Subtract  the  reading 

meter  as  for  the  ^Powell  diluted  with  distilled  water 

of  the  blank  from  "-”8  I'"  '  1 

m  the  case  of  high  reading  .  r-  diazo-reagent  and  4  ml.  of 

the  working  standard  g.ven  abo^  l^ 

95  per  cent,  alcohol,  produced  by  a  serum  containing 

minutes  and  is  ^quivalen  ^  AlterilLtively  a  standard  curve  can  be 
4  mg.  bilirubin  per  1  •  ,,  ,,  ^  Evelyn  method,  making  due 

“as i"  ~  “  -- 

-Ilk  Ifci  1  i»  “"'.“'SraS  •"in  ot  |>-.l«n.  •  Iknl  n; 

Another  ’^Thev  use  a  citric  acid  buffer  wdh 

llappaport  and  A*®*'  theVoteins  in  solution  and  render 
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Determination  of  Serum  Bilirubin  with  Protein  Precipitation 


Method  of  King  and  Coxon  (1950) 

Thannhauser  and  Anderson  (1921),  by  developing  the  colour  before 
precipitating  the  proteins,  made  use  of  the  fact  that  azobilirubin  is 
more  soluble  in  alcohol  than  is  bilirubin.  Addition  of  ammonium 
sulphate  was  also  found  to  help  to  separate  the  azobilirubin  from  the 
protein  precipitate.  King  and  Coxon  have  modified  this  method, 
and  claim  that  they  are  now  able  to  get  results  comparable  with  the 
Malloy  and  Evelyn  method. 

Reagents.  1.  Diazo-reagent  as  before  (p.  224). 

2.  Saturated  ammonium  sulphate  solution. 

3.  Ethyl  alcohol,  85  per  cent.  (v/v). 

4.  Methyl  red  standard.  Dissolve  0-29  gram  of  methyl  red  in 
glacial  acetic  acid  and  make  up  to  100  ml.  wdth  the  acetic  acid. 
Pipette  1  ml.  of  this  into  a  litre  flask,  add  5  ml.  of  acetic  acid  and  a 
little  water,  and  wash  in  14-4  grams  of  sodium  acetate  (CHgCOONa, 
SHgO)  and  dissolve.  Make  up  to  1  litre  with  water.  Take  care  to 
use  pure  methyl  red.  The  colour  of  this  standard  matches  that 
obtained  from  0-1  mg.  of  bilirubin  in  a  dilution  of  1  in  25. 

5.  Phosphate  buffer  solution.  Dissolve  3-6  grams  of  disodium 
hydrogen  phosphate  (Na2HP04,  I2H2O)  in  water  and  make  up  to 
100  ml. 


6.  A  standard  solution  of  bilirubin.  Ten  mg.  per  100  ml.  of 
chloroform  is  suitable.  As  King  points  out,  it  may  be,  necessary  to 
reflux  the  mixture  gently  to  dissolve  the  bilirubin. 

Technique.  Pipette  1  ml.  of  serum  into  a  test  tube  and  add  0-5  ml. 
of  diazo-reagent.  The  nature  of  any  direct  reaction  can  be  observed 
at  this  stage.  Add  0-5  ml.  of  saturated  ammonium  sulphate  solution 
and  make  to  10  ml.  with  85  per  cent,  alcohol.  Mix  well  and  stopper. 
Lay  almost  horizontal  for  half  an  hour  with  the  precipitate  evenly 
distributed  through  the  liquid.  Filter  and  read  in  the  photoelectric 
colorimeter  with  a  green  filter,  or  set  at  520  millimicrons.  Use  the 
methyl  red  standard. 


Calculation.  With  a  1  in  10  dilution  as  above,  the  standard 
corresponds  to  4  mg.  per  100  ml.  For  the  photoelectric  colorimeter  : 


Mg.  bilirubin  per  100  ml.  plasma  =  of  unknown! 

Reading  of  standard 


X  4. 


T®-  P"  serum  with  tlie  phos¬ 

phate  buffer.  W  hether  or  not  this  is  necessary  can  be  judged  from 
the  appearance  of  the  serum.  juugea  irom 

evrpora'telM'mrof'’tb?''h''®‘^lT"u‘  ’’■‘i^bin  standard.  King 
urK  mf  V  f  above  bilirubin  standard  to  5  ml.  and  made 

oufb;  mW^gSr ruriSr^^*^ 

up  to  10  ml.  with  water  and  reading  in  the  cLrimrter 
Note  on  Time  used  for  reading  Direct  Reacting  Bilirubin.  Various 
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methods  have  been  used  for  studying  the  direct  reacting  bilirubin. 
Thus  Ducci  and  Watson  (1945)  used  a  reading  one  minute  after 
mixing  the  serum  and  diazo-reagent  for  the  prompt  direct  reacting 
bilirubin.  Gray  and  Whidborne  (1947)  read  at  thirty  minutes  for 
the  total  direct  reacting  bilirubin.  The  rate  of  colour  development 
can  also  be  studied.  Malloy  and  Evelyn  used  10,  30,  60,  and  120 
minutes.  Such  readings  are  only  of  limited  value. 


Summary 

The  I^Ialloy-Evelyn  or  Powell  method  is  preferred.  With  the 
former,  satisfactory  results  are  obtained  from  2  to  30  mg.  per  100  ml., 
but  below  2  mg.  per  cent,  the  colour  is  rather  weak  and  cannot  be 
read  as  accurately.  In  this  lower  range  the  Powell  method  gives  a 
better  colour  and  more  reliable  results.  Of  the  methods  which  pre¬ 
cipitate  proteins,  that  of  King  and  Coxon  is  the  best.  The  methyl  red 
standard  of  Haslew'ood  and  King  can  be  used  for  these  methods,  corre¬ 
sponding  in  a  1  in  10  dilution,  to  4  mg.  bilirubin  per  100  ml.  of  serum. 


VAN  DEN  BERGH  REACTION  AND  SERUM  BILIRUBIN.  INTERPRETATION 

A  normal  serum  does  not  give  a  direct  Van  den  Bergh  reaction  and 
contains  not  more  than  1  mg.  bilirubin  per  100  nil.  There  is  not 
complete  agreement  about  the  upper  normal  limit,  which  is  sometimes 
stated  to  be  a  little  higher. 

In  any  consideration  of  the  Van  den  Bergh  reac  ,on  and  serum 
bilirubin  it  is  necessary  to  adopt  a  classification  of  the  conditions  in 
"aundice  ily  be  found.  Rolleston  and  McNee  (1929)  recognize 

“'^''Soiytic  jaundice,  in  which  there  is  increased  breakdown  of 
hiemogtoWn  so  that  the  normal  liver  cell  is  unable  to  excrete  the 
increased  amount  of  bilirubin  formed.  This  occurs  whene\er  the 

of  bile  in  the  extra-hepatic  ducts,  most  olten  ciue  ro  g 

Weil’s  disease,  and  in  cirrhosis  of  ^he  liv  .  reaction 

The  correlation  of  the  based  on  the  hypothesis  that 

with  these  three  groups  of  J^ondice  jj^^^o-reagent  ^Lcording  to 
bilirubin  reacts  differently  wi  liver  cells.  Bilirubin 

whether  or  not  it  .^n"  been  termed 

formed  from  an  immediate  direct  reaction, 

indirect  bilirubin,  since  “oes  not  g  delayed  direct  reac- 
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bilirubin — gives  an  immediate  direct  reaction,  and  has  been  termed 
direet  bilirubin. 

Aecordingly,  in  hfcmolytic  jaundiee  there  is  an  increase  in  indirect 
bilirubin,  so  that  indirect  reactions  or  direct  delayed  reactions  are 
obtained.  In  obstructive  jaundice,  the  increase  is  in  direct  reacting 
bilirubin  so  that  an  immediate  direct  reaction  is  found.  In  liver 
dysfunction  it  is  assumed  that  both  may  be  present.  In  jaundice 
due  to  acute  liver  disease,  however,  an  immediate  direct  reaction  is 
the  rule,  at  least  after  the  very  early  stages,  presumably  because  the 
most  important  factor  in  causing  the  jaundice  is  an  intrahepatic 
obstruction.  In  the  low-grade  jaundice  which  is  present  in  some 
cases  of  cirrhosis  of  the  liver,  results  are  variable  and  an  indirect 
reaction  may  be  obtained.  Attempts  have  been  made,  such  as  the 
direct  biphasic  reaction  of  Van  den  Bergh  (p.  224),  to  recognize  a  type 
of  reaction  in  liver  disease  due  to  the  presence  of  both  direct  and 
indirect  reacting  bilirubin,  which  gives  an  immediate  reaction 
developing  only  slowly  to  a  maximum  colour.  These  attempts  have 
not  been  successful. 

It  will  be  seen  that  the  same  qualitative  reaction  is  obtained, 
immediate  direct,  whether  the  obstruction  is  inside  or  outside  the 
liver.  This  does  not,  therefore,  differentiate  between  infective  or 
toxic  jaundice  on  the  one  hand,  and  obstructive  jaundice  due,  for 
example,  to  carcinonia  head  of  pancreas,  on  the  other.  Since  this  is 
the  commonest  problem  in  jaundice,  the  direct  reaction  is  only  of 
limited  value,  since  the  distinction  which  it  makes  does  not  usually 
gi\e  rise  to  difficulty  in  diagnosis.  Many  workers  have  almost  ceased 
to  use  it  and  use  the  Van  den  Bergh  reaction  only  as  a  quantitative 
estimation  of  serum  bilirubin. 


Another  classification  of  jaundice,  due  to  Rich  (1930)  and  preferred 
by  some  workers,  is  into  two  groups,  retention  jaundice,  in  which  there 
is  inipaired  removal  of  bilirubin  from  the  blood,  and  regurgitation 
jamuhce,  in  which  there  is  reabsorption  into  the  blood  of  bilirubin 

thuf.),  the  liver  eells.  Uetentio.i  jaundice  is 

thus  due  to  an  increase  m  indirect  reacting  bilirubin  and  includes 
amolytic  jaundice  and  those  liver  conditions  characterized  bv 
inqmired  excretion  of  bilirubin,  whilst  regurgitation  jaundice  in 
^v-hich  here  is  an  increase  in  direct  reacting  bihrubi^  includes 
jaundice  as  described  above  and  those  liver  conditions 
^  considerable  degree  of  intrahepatic  obstruction  This 
c  assihcation  serves  to  emphasize  the  failure  of  the  direct  reTction  to 

hepr  ^ue  to  intra-r^rl- 


of  the  serum  b  ^  difference  in  behaviour 

commonly  1  dd  is  tha^  it  k  I  .  .n''  jaundice.  A  view 

bilirubin  is  attaihS  to  ‘"direct  reacting 

this  view,  in  addition  to  thp  ^  proteins.  In  support  of 

Several  worhers  have  fouLl  the  di:e''c‘t“,:ilir:;;:“::  “itjVhTl.ldi^S; 
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to  be  dialysable,  but  there  is  not  full  agreement  on  this  point.  A 
further  difference  is  that  indirect  bilirubin  is  soluble  in  chloroform 
whereas  the  direct  reacting  is  not.  For  a  discussion  of  this  highly 
contentious  subject,  see  With  (1951),  and  Gray  (1953). 

Determination  of  the  Serum  Bilirubin  gives  a  measure  of  the  intensity 
of  the  jaundice.  Higher  levels  are  found  as  a  rule  in  obstructive 
jaundice  than  in  hjcmolytic  jaundice.  In  obstructive  jaundice  due  to 
carcinoma  head  of  pancreas,  when  the  obstruction  is  complete  the 
serum  bilirubin  may  reach  20  to  30  mg.  per  100  ml.  \  alues  as  high 
as  this  may  also  be  reached  in  acute  infective  hepatitis  and  in  other 
forms  of  hepatic  jaundice  in  which  one  supposes  there  is  a  considerable 

degree  of  intra-hepatic  obstruction. 

In  pernicious  anajinia  the  serum  bilirubin  rarely  exceeds  4  mg.  per 
cent.  ;  in  acholuric  jaundice  figures  up  to  about  10  mg.  per  100  ml. 
are  found.  In  the  acute  hiemolytic  anaemias  still  higher  values  may 

be  obtained.  . 

The  quantitative  estimation  of  serum  bilirubin  is  usetul  : 

1.  In  sub-clinical  jaundice,  where  the  demonstration  of  sma  1 
increases  in  serum  bilirubin  to  between  1-0  and  3-0  mg.  per  100  ml. 


is  of  diagnostic  value. 

2.  In  clinical  jaundice,  to  follow  the  development  and  course  of  the 
iaundice.  It  gives  a  reliable  and  objective  record  of  the  degree  of 
icterus  and  an  earlier  indication  of  any  increase  or 
iaundice  than  does  direct  observation.  In  obstructive 
narticularly  if  the  obstruction  is  due  to  some  malignant  growth,  the 
LTuThTlirubin  usually  rises  to  a  high  level  and  remains  almost 

constant  about  that  figure.  Only  occasionally 

n  tumour  nartial.  A  moderately  raised  serum  bihiubm,  ot  iroi 
3  to  4  mg  per  100  ml.,  maintained  for  several  weeks,  has,  however, 

toLrmal  when  recovery  ensues.  It  is  7*/®  “Ttriaundice. 
not  to  be  falling  by  four  or  five  weeks  from  the 

Ratio  of  Direct  to  Total  Bihrub  n.  Some  worker^s^^ 

mined  the  iglc ‘l9I7^  Gray  and  Whidborne  used 

1943  ;  Gray  and  \\  niultiplvinff  the  ratio  of 

a  Direct  Indirect  QmHent  (mQ)  ^tained  by 

the  direct  to  the  total  b;I*vub‘“  by  WO-  ^  50  almost 

below  40  it  is  diagnostic  of  teWn*  Retween  40  and  50  it  is  more 
diagnostic  of  regurgitation  jaundice^  ^^^t  method  for  total 

likely  to  be  retention  jaundice.  y  bilirubin  similarly  obtained 

bilirubin  and  compares  it  with  the  d^iect  mm 

SJ.SU.O...  .1 1.— 

Icteric  Index  (Meulengracht) 

Icteric  index  measures  plasma  is 

intensity  of  the  yellow  colour  of  the  serum 
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diluted  with  physiological  saline  until  it  matches  in  colour  a  1  in 
10,000  solution  of  potassium  dichromate.  The  dilution  factor  is 
termed  the  Icteric  Index. 

Reagents.  1.  Strong  dichromate  standard.  Dissolve  0-1  gram  of 
potassium  dichromate,  add  O-l  ml.  of  concentrated  sulphuric  acid 
and  make  to  100  ml.  with  water.  Such  a  solution  has  an  Icteric 
Index  of  10. 

2.  One  in  10,000  dichromate.  Dilute  the  above  1  in  10. 

3.  Physiological  saline.  0-9  per  cent,  sodium  chloride. 

Technique.  Add  physiological  saline  to  1  ml.  of  serum  until  the 

colour  matches  that  of  the  1  in  10,000  dichromate.  The  total  volume 
in  ml.  then  gives  the  Icteric  Index.  If  the  test  is  used  frequently  it 
may  be  convenient  to  prepare  a  series  of  tubes  covering  the  range  of 
Icteric  Index  from  1  to  10.  These  can  easily  be  prepared  by  suitably 
diluting  the  strong  dichromate  standard.  Alternatively  the  photo¬ 
electric  colorimeter  can  be  used.  Dilute  the  serum  until  it  roughly 
matches  the  1  in  1,000  dichromate.  Then  read  standard  and 
unknown,  using  a  blue-green  filter,  transmission  500  millimicrons. 
Then 


Icteric  Index  = 


Reading  of  unknown 
Reading  of  standard 


X  10  X  Dilution  factor. 


Sometimes  on  diluting  the  serum  some  turbidity  may  result. 
Reinheld  has  used  a  phosphate  buffer  pH  7-0  for  diluting,  in  order  to 
prevent  this.  Addition  of  1  drop  of  10  per  cent,  sodium  hydroxide 
is  also  usually  effective.  Lipaemia  may  also  interfere  vdth  the 
comparison.  It  is  important  there  should  be  no  lijemolysis.  If 
haemolysis  has  occurred  proteins  should  be  removed.  Mix  1  volume 
of  seruni  with  2  volumes  of  acetone  and  filter  or  centrifuge.  Compare 
as  previously  with  standards.  !Make  the  necessary  adjustment  in  the 
calculation. 

Note.  It  will  be  seen  that  it  is  now  no  more  trouble  to  determine 
the  serum  bilirubin  than  the  icteric  index  and  the  results  obtained 
are  more  reliable.  It  is  recommended  that  serum  bilirubin  be  used. 


1 NTERPRETATION 

The  normal  range  is  from  -1  to  0.  In  latent  jaundice  the  index  is 
from  7  to  15.  With  an  index  over  15  clinically  obvious  jaundice 
f  present.  In  jaundice  the  icteric  index  parallels  the  serum 
bilirubin.  Except  for  values  under  1  mg.  per  100  ml.,  it  is  roughly 
five  times  the  serum  bilirubin.  The  icteric  index  is  not  specific  for 

furthe^r'n^'^^^  the  carotenes  present  in  the  serum  (see 

further,  p.  414).  These  are  plant  pigments  from  which  vitamin  A  is 

formed  m  the  body  Ingestion  of  considerable  amounts  of  carotenes 
tn  the  diet  can  lead  to  a  carotimenna  which  increases  the  icteric  index 

cL  resent  The  sc?nri‘T'“i'  ''''i^'‘'  ■’esembles  jaundice 

can  result.  l  lie  serum  bilirubin,  however  is  normal  ir> I'i.- 

so  that  it  can  be  readily  distinguished  tom  ScL  in  winch  Wh 

are  increased  together.  Foods  which  are  rich  1,.  . 

carrots,  spinach,  parslev,  turnip  tops,  watercress  lettim^f 
of  which  carrots  contain  most.  ^^^ercress,  lettuce,  tomatoes, 
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Tests  for  Bile  Pigments  in  Urine 

Most  of  the  tests  used  depend  on  the  oxidation  of  bilirubin  to 
differently  coloured  compounds  such  as  biliverdin,  green,  and 
bilicyanin,  blue. 

Iodine  Test.  This  is  one  of  the  oldest.  Dilute  some  tincture  of 
iodine  with  1  to  2  volumes  of  water  and  layer  it  carefully  on  to  some 
of  the  urine  in  a  test  tube.  A  green  ring  at  the  junction  of  the  two 
fluids  indicates  the  presence  of  bilirubin.  The  test  is  not  very  sensi¬ 
tive  and  is  often  doubtful  in  oases  where  there  is  only  a  small  amount 

present.  . 

Gmelin’s  Nitric  Acid  Test.  Layer  carefully  some  urine  on  to  a  tew 
ml.  of  concentrated  nitric  acid  in  a  test  tube.  Green,  blue,  and  violet 
rings  are  seen  at  the  junction  of  the  liquids  if  bilirubin  is  present. 

The  more  delicate  tests  concentrate  the  bilirubin  to  some  extent  by 
bringing  it  down  with  a  precipitate.  Barium  chloride  solution  is  used 

to  ffive  such  a  precipitate  with  urine.  i  ,  •  i 

Fouchet’s  Test.  Add  a  few  ml.  of  10  per  cent,  barium  chloride 
solution  to  about  10  ml.  of  urine  in  a  test  tube.  Filter,  allowing  to  dram 
well  Spread  out  the  filter  paper  on  another  dry  paper  and  add  a 
drop  or  two  of  Fouehet’s  reagent.  To  prepare  this,  dissolve  25  grams 
of  trichloracetic  acid  in  about  50  ml.  of  water,  add  10  ml.  of  10  per 
cent  ferric  chloride,  and  make  up  to  100  ml.  with  water.  A  greenish- 
blue  colour  is  obtained  if  bilirubin  is  present.  This  is  a  much  more 
sensitive  test  than  the  Iodine  and  Nitric  acid  tests  and  is  a  good  test 

Van  den  Bergh  reagent,  for  example 

with  barium  chloride  as 
m  Fouchet’s  test  Add  to  the  precipitate  on  the  filter  paper  1  drop 
onhe  van  den  Bergh  diazo-rea'gent,  4  d-ps  of  95  per  cenh  aleohM 

bilirubin. 

interpretation  obstructive  jaundice  and  in  most 

Bilirubin  is  found  in  the  ui  .^resent  in  the  urine  of  most  cases 

eases  of  liver  cell  jaundice.  It  IS  te 

in  hsernolytic  jaundice.  Ihe  ^  in  which  it  is  usually 

indirect  or  blood  f  ^^‘retc  direct  reacting  or  bile 

present  in  blood  in  disease,  thrcsliold  amount,  whicli 

liiliriibiii  wlieii  tins  is  I'f®-’®  \Vatson  (194«)  has  reported  bilirubin  in 
may,  however,  vary.  1  bus  » hepatitis  before  clinical 

j,  - . i-'  -■ 
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100  ml.,  but  did  not  find  it  when  the  jaundice  was  receding  w'ith  blood 
levels  as  high  as  3  mg.  per  cent.  Pollock  (1945)  in  a  study  of  the 
biochemical  findings  in  the  early  stages  of  infective  hepatitis,  used  the 
Hunter  diazo-test  to  detect  bilirubin  in  the  urine  in  the  pre-icteric 
stage  of  this  disease.  The  test  was  done  on  the  early  morning  urine. 
He  found  the  Hunter  test  positive  in  86  per  cent,  of  cases  and  as  early 
as  nine  days  before  jaundice  developed.  It  was  negative  in  all 
normal  cases  and  in  all  but  2  per  cent,  of  non-hepatic  diseases.  The 
test  can  thus  be  used  in  epidemics  of  infective  hepatitis  for  recognizing 
this  condition  in  the  prodromal  stage,  before  clinical  jaundice  is 
manifest. 

Gellis  and  Stokes  (1945)  used  Franke’s  methylene  blue  test  in  the 
same  way.  Their  results  were  similar  to  those  of  Pollock’s.  The 
Hunter  test  is  more  valuable,  but  the  methylene  blue  test  is  simpler 
to  perform. 

Methylene  Blue  Test.  Add  0-2  per  cent,  aqueous  solution  of 
methylene  blue,  drop  by  drop  from  a  pipette  which  delivers  20  drops 
per  ml.,  to  5  ml.  of  an  early  morning  specimen  of  urine.  Count  the 
number  of  drops  required  to  change  the  green  colour  of  the  mixture 
of  urine  and  dye  from  green  to  blue..  View  by  daylight.  Negative 
tests  require  1  to  4  drops.  If  five  or  more  drops  are  needed  the  test 
is  positive.  Using  the  test  for  the  early  detection  of  epidemic 
hepatitis  Gellis  and  Stokes  obtained  positive  results  in  thirty-three 
cases  from  one  to  six  days  before  the  appearance  of  the  jaundice.  A 
thousand  normal  cases  all  gave  negative  results.  The  explanation  of 
this  test  is  not  clear. 


Bile  Pigments  in  Faeces 

Bilirubin  is  not  normally  present  in  faeces  since  bacteria  in  the 
intestine  reduce  it  to  urobilinogen.  Some  mav  be  found  if  there  is 
very  rapid  passage  of  material  along  the  intestine  and  it  is  sometimes 
found  m  the  stools  of  very  young  infants.  Bilirubin  may  be  detected 
by  Gmehn’s  test  by  adding  a  faecal  suspension  to  nitric  acid  as  a  ring 
test,  or  better  by  adding  Pouchet’s  reagent  (p.  232)  to  such  a  suspen- 

colour  is  obtained  if  bilirubin  is  present. 

Bilwerdni  is  found  in  meconium,  the  material  excreted  during  the 
first  day  or  two  of  life.  ° 


Urobilinogen 

oiAiHn.hil’  '"■“'’‘'"“S''"  i"  H'e  intestine  by  bacterial  action 

exists  as  I  '.’n  ‘n  ‘he  fteces  in  which  it 

e.  ists  as  a  mixture  of  urobilinogen  and  urobilin,  the  latter  bein^ 

accor<hn„y  can  'bT ^ ..tre's 
tincture  of  iodine  to  conv4t’‘H^rurXlinogen^^^^^^^  into 
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In  another  test  tube  shake  about  a  gram  of  zinc  acetate  with  a 
volume  of  absolute  alcohol  equal  to  the  volume  of  urine  taken.  Mix 
the  two  well  by  repeated  pourings  backwards  and  forwards.  Filter. 
Urobilin  gives  a  greenish-yellow  lluorescence  due  to  the  formation  of 
zinc  urobilin.  Not  more  than  a  barely  detectable  amount  of 
lluorescence  is  given  by  normal  urines.  Examine  spectroscopically. 
Zinc  urobilin  shows  a  band  in  the  green  at  the  junction  of  the  green 
and  the  blue  (see  Fig.  68,  p.  397).  Urines  eontaining  urobilin  when 
acidified  with  hydrochloric  acid  have  a  spectrum  with  a  rather 
broader  band  just  in  the  blue  (see  Fig.  68),  but  this  is  not  so  easily 
seen  as  that  of  zinc  urobilin  in  alcohol. 

Before  applying  Schlesinger’s  test  it  is  aavisable  to  remove  bile 
pigments.  To  do  this  add  one-fifth  volume  of  10  per  cent,  calcium 
chloride  solution  to  the  urine.  Filter  and  carry  out  the  test  on  the 


filtrate.  ^  i 

Kirkpatrick  (1953)  has  suggested  a  modified  Schlesmger  s  test  and 

claims  this  to  be  more  sensitive.  Add  a  few  crystals  of  ammonium 
persulphate  to  5  ml.  of  urine  in  a  small  separating  funnel  and  shake 
to  dissolve.  Add  5  ml.  of  saturated  alcoholic  zinc  acetate,  mix, 
add  10  ml.  of  chloroform,  and  shake  gently.  Allo\y  to  separate  and 
run  the  chloroform  layer  into  a  test  tube.  Clarify  by  mixing  with  a 
few  drops  of  alcohol  and  examine  m  filtered  ultra-Molet  light, 
golden-yellow  fluorescence  shows  the  presence  of  urobilin.  Small 
fncreases  can  be  shown  as  follows.  Divide  the  chloroforin  extract 
Zo  Zo  e'mal  parts  and  add  a  crystal  of  trichloracetic  acid  to  one 
This  destroys  the  zinc-urobilin  complex  so  that  yellow  fiuorescenc 
in  the  untreated  portion  can  be  better  seen  when  the  two  are  com¬ 
pared  together.  A  white  or  blue  fluorescence  constitutes  a  negative 

^^%eces  Extract  a  portion  of  feces  with  a  mixture  of  20  parts 
alc“nd  1  part  hycfroehloric  add.  Y  -d 

stand  for  several  hours  or  overnight  with 

renua.  volume  of 

alcoholic  zinc  acetate  and  filter. 


Wallace  and  Diamond’s  Qualitative  Test  for  Urobilinogen  in  Urine 

(Wafiace  and  Diamond,  1925) 

Add  1  ml.  of  Ehrlich’s  reagent  prepared  by  ^‘“"'""f^^j^^bydro- 

-dimethylaminobenzaldehyde  1  ®  ^  „  to  stand  for 

rrntnstned't;"i:irr^f>d^ 

o  red  colour  even  on  heating  .  present  in  normal 

amounts. 

Increased  amount  of  urobihnog 
present. 


□  reu  V, .  -  — 

lint  pink  in  the  cold 
istinctly  red  colour  in  the  cold . 
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If  the  last  of  these  is  observed,  assess  roughly  the  extent  of  the 
increase  by  preparing  a  series  of  dilutions.  Develop  the  colour  as 
described  above  and  dilute  1  ml.  of  the  coloured  urinQ  to  10,  20,  30, 
40,  ...  100  ml.  of  water  and  further  if  necessary,  and  find  the 

dilution  which  last  shows  the  faintest  pink  colour.  No  colour  is  given 
bv  normal  urines  diluted  more  than  1  in  20  in  the  cold. 

Remove  bilirubin  by  means  of  calcium  chloride  solution  as  described 
for  Schlesinger’s  test. 


Determination  of  Urobilinogen  in  Urine.  Watson’s  Method  (NNatson, 

1936) 

NVatson  uses  a  weaker  Ehrlich  reagent  and  a  solution  of  sodium 
acetate  to  bring  out  the  maximum  colour  and  to  reduce  the  colour 
produced  by  indole  and  skatole.  In  this  method  any  urobilin  present 
is  first  reduced  to  urobilinogen  by  alkaline  ferrous  sulphate.  The 
total  urobilinogen  is  then  extracted  in  acid  solution  by  petroleum 
ether  and  determined  colorimetrically  by  means  of  the  colour  given 
with  Ehrlich’s  reagent,  using  Terwen’s  alkaline  phenolphthalein 
standard. 

Reagents.  1.  Modified  Ehrlich’s  reagent.  Dissolve  0-7  gram  of 
p-dimethylaminobenzaldehyde  in  150  ml.  of  concentrated  hydro¬ 
chloric  acid  and  add  100  ml.  of  water. 

2.  Ferrous  sulphate,  20  per  cent,  solution.  Powder  20  grams  of 
FeS04,  THgO  crystals,  add  92  ml.  of  distilled  water  and  dissolve.  Or 
use  5  grams  and  23  ml.  of  water  for  each  determination. 

3.  Sodium  hydroxide,  10  per  cent,  solution. 

4.  Petroleum  ether,  b.  pt.  40°  to  60°  C. 

5.  Glacial  acetic  acid. 

6.  Saturated  solution  of  sodium  acetate  in  water. 

7.  Standard  solution  of  alkaline  phenolphthalein.  Pipette  1  ml. 
of  0-05  per  cent,  phenolphthalein  in  alcohol  and  5  ml.  of  saturated 
(20  per  eent.)  sodium  carbonate  solution  into  a  100  ml.  measuring 
flask  and  make  up  to  100  ml.  with  water.  The  colour  of  a  solution 
of  urobilinogen  containing  0-387  mg.  treated  with  Ehrlich’s  reagent 
and  diluted  with  water  to  100  ml.  was  found  by  Terwen  to  give  the 
same  colour  as  this  solution. 

Technique.  Collect  a  twenty-four-hour  specimen  of  urine  in  a 
brown  glass  bottle  eontaining  about  5  grams  of  anhydrous  sodium 
earbonate  and  100  ml.  of  petroleum  ether.  Measure  the  volume  of  urine 
and  place  50  ml.  in  a  suitable  flask.  Add  25  ml.  of  the  ferrous 
sulphate  solution  and  then,  with  thorough  mixing,  add  25  ml  of  10 
per  cent,  sodium  hydroxide.  Stand  for  at  least  half  an  hour  Filter 

fxt’ra  i'  fixate  with  about  5  ml.  of  glacial  acetic  aefd  ard 

ex^act  three  t  mes  with  about  30  ml,  of  petroleum  ether  shaking 

Ffwt  ^n'bincd  extracts  with  ™ter 

Ld  itfn^lXwelt'Vh  "  b  acetate  sdutln 

na  again  Shake  veil.  1  his  brings  out  the  colour.  Any  colour  duo 

to  indole  and  skatole  disappears  as  the  hydrochloric  acid  L  renlaod  bv 

acetic  acid  on  adding  the  sodium  acetatefand  excess  aTdehy7S 
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to  the  petroleum  ether.  Repeat  the  extraction  with  Ehrlich’s  reagent 
and  acetate  to  confirm  the  completeness  of  the  first  extraction. 
Continue  until  a  colourless  extract  is  obtained. 

Compare  the  colour  immediately  with  the  standard,  diluting  if 
necessary  to  make  the  two  solutions  approximately  similar  in  inten¬ 
sity.  If  the  photoelectric  colorimeter  is  used,  use  a  yellow-green 
filter  or  transmission  at  540  millimicrons. 

For  high  values  use  less  filtrate.  A  rough  preliminary  test  can  be 
made  as  follows.  To  2  ml.  of  filtrate  add  2  ml.  of  Ehrlich’s  reagent 
and  4  ml.  of  acetate.  Use  1  to  2  ml.  of  filtrate  for  the  test  if  an 
intense  red  colour  is  produced,  10  ml.  if  a  pale  red  colour  results, 
25  ml.  with  a  pale  pink,  and  50  ml.  if  no  colour  is  obtained. 
Calculation.  If  the  photoelectric  colorimeter  is  used. 

Mg.  urobilinogen  per  twenty-four  hours 

Volume  of  urine  and  alkaline  ferrous  sulphate 
“  Volume  of  urine  used 

Volume  of  final  extract  ^  Reading  of  unknown 
^  Volume  of  filtrate  used  ^  Reading  of  standard 

Ml.  urine  in  the  twenty-four  hour  specimen 
X  0-387  X  1 00 


If  50  ml.  of  urine  is  used,  made  up  to  100  ml.  will,  the  alkaline 
ferrous  sulphate,  and  50  ml.  of  filtrate  taken  then  for  one  extracfioTi 
with  Ehrlich’s  reagent  and  sodium  acetate  the  formula  is 
Mg.  urobilinogen  per  twenty-four  hours  : 

_  100 


6 

X  5-0 


Reading  of  unknown 

X  - - ^ ^ 


0-387 


X 


^  Readmg^oFstand^d 

Volume  of  twenty^ur  hour^j^cimen 


=  0-093  X 


Reading  of  unknown 


X 


Reading  of  standard 
Volume  oftw«ity-fcmr  hour  specimen 
-  100 


Most  nornral  urines  contain  between  0^5 

Watson  gives  the  haShown  that  low  results  may  be  obtained 

Note.  V  oegtlm  (1948)  has  s  ,,  ,-  ferrous  sulphate  is  carried 

L?irbrigtt"i"r‘stit^  the  determination  be 

carried  out  in  very  diffuse  light. 

Approximate  Method  of  Schwarz,  Sborow  and  Watson  (19«) 

Reagents.  As  for  the  above  ’  specimen  of  urine.  The 

Technique.  Collect  a  single  -  ^  1  excretion  of 

time  recommended  is  from  ^  P-"  •  ^s  to  be  highest  in  the 

urobilinogen  vanes  bladder  at  2  p.m.,  then 

g"ass  ofwater,  and'  ‘again  have  the  bladder  emptied  two  hours 


TESTS  IN  LIVER  AND  BILIARY  TRACT  DISEASE  23T 

later.  Measure  the  volume  of  the  specimen  and  cool  to  room  tern- 
pcraturc.  IVIix  2*5  nil.  of  urine  with  2*5  ml.  of  liilirlicli  s  rCcigent,  and 
add  5  ml.  of  saturated  sodium  acetate  and  again  mix  thoroughly. 
For  a  blank  mix  2  5  ml.  of  urine  and  5  ml.  of  sodium  acetate,  and  then 
add  2  5  ml.  of  Ehrlich’s  reagent,  slowly  with  constant  shaking. 
Compare  with  the  alkaline  phenolphthalein  standard  in  the  photo¬ 
electric  colorimeter  as  described  for  the  previous  method.  1  he  result 
is  calculated  as  follows  : 

Ehrlich  units  per  sample 

Reading  of  unknown  ^  ,  Urine  volume 

=  Reading  of  standaTd  ^  - U)0 - ' 

Ninety  per  cent,  of  normal  persons  were  found  to  be  below  1  unit 
for  the  two-hour  sample,  the  remainder  being  between  1  and  2  units. 

This  method  gives  higher  values  for  the  urobilinogen  than  the  more 
accurate  method  given  previously,  but  has  the  advantage  that  it 
is  possible  to  make  frequent  examintitions  with  little  trouble. 


Determination  of  Urobilinogen  in  Faeces.  Maclagan’s  Method 

(Maclagan,  1946  (a)  ) 

Watson  used  the  same  method  for  determining  urobilinogen  in 
faeces  as  for  urine.  He  collected  heces  for  a  four-day  period,  mixed 
well,  took  10  grams,  made  a  uniform  suspension  in  100  nil.  of  water, 
and  added  alkaline  ferrous  sulphate  as  described  for  urine.  He  thus 
determined  the  daily  excretion.  Maclagan  simplified  this  procedure 
and  used  a  single  specimen  of  faeces.  This  method  is  recommended. 

Reagents.  As  for  the  urine  method  of  Watson,  p.  235. 

Technique.  Take  a  freshly  formed  stool  and  weigh  out  about  1-5 
gram  in  a  test  tube.  Emulsify  with  9  ml.  of  water.  Add  10  ml.  of 
20  per  cent,  ferrous  sulphate  and  then  10  ml.  of  10  per  cent,  sodium 
hydroxide,  mixing  well  after  each  addition.  Stand  for  one  to  three 
hours  and  then  filter  through  an  11  cm.  No.  1  Whatman  filter  paper. 
Pipette  2  ml.  of  the  filtrate  into  a  dry  250  ml.  cylinder,  add  2  ml  of 
Ehrlich’s  reagent,  stand  for  ten  minutes,  add  6  ml.  of  saturated 
sodium  acetate  solution,  and  compare  with  the  alkaline  phenol- 
phthalem  standard,  diluting  if  necessary.  Measure  the  final  volume 

m  the  cylinder.  Use  the  photoelectric  colorimeter  as  described  for 
urine,  if  desired. 

Calculation.  Using  the  photoelectric  colorimeter 

Mg.  urobilinogen  per  100  grams  of  fgeces 


=  3-87  V  of  unknown 

Reading  of  standard 
X  V  olume  of  the  final  coloured  solution. 

This  applies  if  1-5  gram  of  faeces  was  taken.  If  a  slightlv  different 
aniount  is  used  make  the  necessary  correction.  " 

Maclagan  gives  as  the  normal  range  30  to  220  mg.  per  100  srams 
of  faeces.  According  to  Watson  40  to  *>80  n.rr  ‘  f.,. 

excreted  <iaily  in  th?  .tools  an“  8«  per 'cent  of  ™lnef  "n®? 

100  and  250.  cent,  ot  \  allies  are  between 
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URINE  AND  F^CAL  UROBILINOGEN.  INTERPRETATION 

Since  urobilinogen  is  formed  in  the  intestine  by  the  reduction  of 
bilirubin,  the  amount  of  fcecal  urobilinogen  depends  primarily  on  the 
amount  of  bilirubin  entering  the  intestine.  Faecal  urobilinogen  is 
therefore  increased  in  conditions  in  which  there  is  increased  break¬ 
down  of  haemoglobin  to  bilirubin,  as  in  hccmolytic  jaundice.  In 
pernicious  anaemia  Maclagan  found  220  to  400  mg.  per  100  grams  in 
five  out  of  six  cases,  whilst  in  six  cases  of  acholuric  jaundice  and 
chronic  haemolytic  anaemia  values  of  400  to  1,400  mg.  were  obtained. 
The  dark-coloured  stools  found  in  these  conditions  are  due  to  the  large 
amount  of  pigment  present.  The  microcytic  anaemias  give  low 
normal  to  low  results  because  less  haemoglobin  is  being  broken  down. 

Faecal  urobilinogen  is  reduced  if  there  is  any  obstruction  to  the  flow 
of  bile  into  the  intestine.  The  most  complete  degree  of  obstruction 
is  found  in  obstructive  jaundice  due  to  tumour.  Thus  in  malignant 
obstructive  jaundice  Watson  found  forty-nine  out  of  fifty-tw'o  cases 
to  have  less  than  5  mg.  faecal  urobilinogen  daily,  with  twenty-nine 
below'  1  mg.  The  obstruction  in  gall  stones  is  usually  more  into- 
mittent  and  such  low  values  are  much  less  common.  This  may  be 
useful  in  differentiating  a  non-mahgnant  from  a  malignant 

In  conditions  such  as  infective  hepatitis,  m  spite  of  the  high  degree 
of  jaundice  which  may  be  present,  values  for  faecal  ^-e 

not  nearly  so  low,  as  a  rule,  as  m  malignant  obstruction.  Matson 
found  only  two  out  of  fifty-eight  ‘=ases  to  have  less  than 
and  thirty-six  to  have  over  20  mg.  Maclagan  0  ^  pel  cen  . 

to  have  less  than  30  mg.  per  100  grams  compared  with  80  per  cent, 
n  Xtructive  laundief.  In  cirrtosis  of  the  liver  the  quantity  o 
bilirubin  entering  the  intestine  tends  to  be  reduced  so  that  low  norm 

to  low  values  for  fccal  urobilinogen  are  revealing 

Estimation  of  faecal  urobilinogen  may  thus  be  of  value  m  reveai  g 

a  high  production  of  bilirubin  in  luemolytic  amemia  anc  m  giv  g 

information  as  to  the  patency  of  the  «ucts  urobilinogen 

The  urine  urobilinogen  is  derived  from  that  part  ^h^o  g 

absorbed  in  the  intestine  which  jy“lf  a.no"urt  of  bilirubin 
amount  present  thus  depenc  ,  the  liver  to  excrete  the 

entering  the  intestine  and  on  intestine  Urine  urobilinogen 

urobilinogen  coming  to  it  if  "fX'e  sii^^^ 

tends  to  be  raised  a  little  m  ^  quantity  of  urobilinogen 

able  completely  to  excrete  10  mg.  daily  are  found, 

absorbed  from  the  intestine.  ig  .  ^  p^nd  the  amount  is  low'. 

In  the  microcytic  anaemias,  on  the  o  _  .jn^ost  complete,  absence 

In  obstructive  jaundice  the  ^  i  ■  ^gj-y  low  urine  urobili- 

of  bilirubin  from  the  intestine  j/ forty-eight  out  of 

nogen.  Watson  found  less  than  0  3  i  g.  Y  tumours 

fifty- three  cases  of  obstructive  ^  ^  al  urobilinogen, 

obsUcting  the  bile  ducts.  -ot  lead  to 

obstruction  due  to  stones  b  g  amounts  may  be  found 

such  uniformly  low  values,  and  quite  mg 
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immediately  following  the  passage  of  a  stone  which  permits  the  entry 
of  a  large  quantity  of  bile  into  the  intestine. 

In  eonditions  sueh  as  infeetiv'e  hepatitis  there  is  usually  some 
bilirubin  entering  the  intestine  so  that  some  urobilinogen  is  being 
formed.  Although  the  amountof  urobilinogen  absorbed  in  the  intestine 
may  be  less  than  in  normal  persons,  the  liver  cell  is  less  able  to 
excrete  it,  so  that  more  passes  into  the  general  circulation  and  is 
excreted  in  the  urine.  Consequently  the  very  low  values  for  urine 
urobilinogen  seen  in  obstructive  jaundice  due  to  malignant  obstruc¬ 
tion  of  the  ducts  are  much  less  commonly  found  in  these  conditions. 
Figures  from  normal  to  50  mg.  daily  are  quite  frequently  obtained. 
A  small  increase  of  amounts  in  the  upper  part  of  the  normal  range 
may  be  present  even  when  the  jaundice  is  at  its  height,  with  higher 
figures  before  and  after  the  peak  of  the  jaundice.  As  a  result  there  is 
often  quite  a  high  urobilinogen  excretion  whilst  the  bilirubin  is  falling, 
in  fact  the  urobilinogen  rises  when  the  bilirubin  begins  to  fall.  In 
infective  hepatitis  and  similar  conditions  positive  tests  for  both 
bilirubin  and  urobilinogen  in  the  urine  are  obtained. 

Similarly  in  cirrhosis  of  the  liver,  in  spite  of  the  reduced  amount  of 
urobilinogen  formed  in  the  intestine,  because  there  is  liver  cell 
damage  there  may  be  appreciable  increase  in  the  urine  urobilinogen 
which  may  be  of  diagnostic  value  for  in  these  cases  bilirubin  may  not 
be  present  in  the  urine. 


Tests  for  Bile  Salts  in  Urine 


Hay’s  Test.  This  test  is  based  on  the  fact  that  bile  salts  when 
present  in  the  urine  lower  the  surface  tension. 

Place  some  fresh  clear  urine  in  a  small  beaker  at  room  temperature. 
Sprinkle  a  little  dry,  finely  powdered  flowers  of  sulphur  on  to  the 
surface.  The  sulphur  particles  sink  in  the  presence  of  bile  salts  but 
remain  floating  if  they  are  absent.  Urines  preserved  with  thymol 
may  give  a  false  positive,  and  so  should  not  be  used. 

Pettenkofer’s  Test.  Add  5  drops  of  5  per  cent,  sucrose  to  about 
5  ml.  of  urine  in  a  test  tube,  slope  the  tube  and  carefully  pour  2  to 
3  ml.  of  concentrated  sulphuric  acid  down  the  inside.  A^  red  ring  is 
obtained  if  bile  salts  are  present.  Shake  the  tube  gently  whilst 
holding  it  under  running  water.  The  red  colour  spreads  throughout 
the  liquid.  It  is  essential  that  the  liquid  be  kept  cool,  under  70°  C 
This  test  IS  less  sensitive  than  the  Hay’s  test.  Protein  and  urine 
pigments  may  give  interfering  colours. 


interpretation 

Hile  salts  appear  to  be  formed  in  the  liver.  Exereted  in  the  bile 
they  are  absorbed  by  the  intestine  and  passed  back  to  the  liver 

wd,rfat  '7-''*''  ftinetion  is  in  connection 

w  ith  fat  digestion  due  to  their  power  to  reduce  surface  tension  and  so 

art  as  emnlsitying  agents.  Hiie  salts  are  present  toother  with  bde 
liver  d'Lnage  t'hrte  L^a^kratonntTjt^^^^  sahs  rproportio'nf 

UHrera'r^  Xr 


240 


PRACTICAL  CLINICAL  BIOCHEMISTRY 


Determination  of  Bile  Salts  in  Blood 


This  is  complicated.  Methods  available  are  those  of  Gregory  and 
Pascoe  (1929)  ;  and  Liehtmann  (1934).  Josephson  (1935)  gives  a 
method  for  estimating  eholie  acid. 

TESTS  BASED  ON  CARBOHYDRATE  METABOLISM 

Several  tests  of  hepatie  function  based  on  the  role  played  by  the 
liver  in  carbohydrate  metabolism  have  been  used.  When  the  liver 
cell  is  damaged  a  diminished  rate  of  glycogen  formation  results  so 
that  more  of  the  sugar  absorbed  from  the  alimentary  tract  into  the 
portal  circulation  passes  into  the  peripheral  circulation.  To  test  this 
function  of  the  liver,  monosaccharides  have  been  mainly  employed. 
The  glucose  tolerance  test  is  not,  however,  of  much  value  in  liver 
disease  for  although  glucose  tolerance  is  sometimes  diminished  it  is 
often  difficult  to  separate  the  part  played  by  the  liver  from  other 
factors  influencing  glucose  metabolism.  Soskin  has  suggested  that 
the  intravenous  glucose  tolerance  test  has  some  value  in  this  connec¬ 
tion  (see  p.  52).  It  is  easier  to  interpret  tests  in  which  either 
galactose  or  fructose  are  taken  and  these  have  been  most  frequently 
used. 

Galactose  Tolerance  Tests 


In  its  original  form  (Bauer)  40  grams  of  galactose  was  given  by 
«nH  the  amount  of  ealaetose  excreted  in  the  urine  during  the 
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(Trams  oi 

2.  Sodium  tungstate,  10  per 
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3.  Copper  sulphate,  7  per  cent,  solution  of  CuSOj,  oHaO. 

4.  Alkaline  copper  solution.  Dissolve  25  grams  of  anhydrous 
sodium  carbonate,  20  grams  of  sodium  bicarbonate,  and  25  grams  of 
Rochelle  salt  in  about  600  ml.  of  water.  Dissolve  7-5  grams  of  copper 
sulphate  (CUSO4,  5H2O)  separately  in  about  100  ml.  of  water.  Mix 
in  the  copper  sulphate  slowly,  with  constant  stirring,  through  a 
funnel  the  tip  of  which  rests  on  the  bottom  of  the  beaker.  Add 
5  grams  of  potassium  iodide  and  0-175  gram  of  potassium  iodate 
(KlOg).  Bring  these  into  solution  and  make  up  to  1  litre. 

5.  Normal  sulphuric  acid. 

6.  N/500  sodium  thiosulphate.  Prepare  freshly  before  use  by 
diluting  2  ml.  of  stock  N/IO  to  100  ml.  with  water. 

7.  One  per  cent,  starch  solution  in  saturated  sodium  chloride 
solution. 

8.  Standard  galactose  solution  containing  100  mg.  per  100  ml. 

9.  Yeast  tubes.  Prepare  as  folio w's  :  place  1  ml.  of  a  1  in  3 
suspension  of  fresh  baker’s  yeast  in  water  into  a  centrifuge  tube, 
add  10  ml.  of  distilled  water,  mix  thoroughly  with  a  glass  rod  and 
centrifuge.  Decant  the  supernatant  fluid  and  repeat  the  washing 
twice  with  further  10  ml.  of  water.  Drain  the  tube  and  wipe  the 
inside  with  filter  paper.  Then  add  2-2  ml.  of  the  isotonic  sodium 
sulphate  solution. 

Technique.  Add  0-2  ml.  of  blood  to  the  veast  tubes,  mix 
thoroughly  and  allow  to  stand  for  at  least  thirty  minutes  at  room 
temperature.  Six  of  these  tubes  should  be  set  up,"  one  containing  the 
fasting  blood  used  as  a  blank  to  show  that  the  yeast  is  active,  the  four 
specimens  of  the  test,  and  a  further  tube  into  which  is  placed  0-2  ml 
of  galactose-free  blood  and  0-2  ml.  of  the  standard  galactose  solution! 
Ihis  last  tube  should  contain  2  ml.  of  isotonic  sodium  sulphate  so  as 
to  give  the  same  total  volume.  This  tube  affords  a  control  that  the 

yeast  does  not  act  on  galactose  and  checks  a  point  on  the  calibration 
curve. 


After  standing  to  allow  fermentation  of  the  glucose,  add  0-3  ml.  of 
per  cent,  sodium  tungstate,  mix  thoroughly,  add  0-3  ml  of  7  per 

pTnette'^' ml"  of  pf  ?  tentrifuge  for  a  few  minufes. 

Bipettc  2  ml  of  each  of  the  supernatant  fluids  into  a  series  of  test 

tubes  and  add  2  ml.  of  the  alkaline  copper  solution.  Mix  by  shakinc? 
and  plug  lightly  with  cotton  wool.  Place  the  tubes  in  brkkK  ^ 

N/SOO  thiosulphate  using  a  5  nT  nWh^eUe  addin ^rd^o^'o’*')-  th 
SfptJT"  “  “»out  4.h  nT  of 

between  the  thiosulphate  titre  and  tbl  troi  f  ^  relationship 

linear,  particularlyTr  fin^valu^  a  th^r^D 

gXTost frel\1ood“in  "2  nfl  '  ofTs^^r  contlining  0-2  nil! 

Of  galactose  solut.o,  ’  of  fl’li 


U 
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200  mg.  per  100  ml.,  preferably  in  duplicate.  The  blood  galactose 
values  in  the  test  can  then  be  read  directly  from  this  calibration  curve. 

INTERPRETATION 

Maclagan  uses  a  Galactose  Index  obtained  by  adding  the  four  blood 
galactose  values.  He  gives  160  as  the  upper  limit  of  normal.  In 
medical  students  he  obtained  a  range  of  0  to  110,  but  in  hospital 
patients  not  known  to  be  suffering  from  liver  disease,  the  range  was 
0  to  160.  Much  increased  values  may  be  found  in  liver  disease.  In 
infective  and  toxic  hepatitis  values  up  to  about  500  are  seen,  decreas¬ 
ing  only  slowly  as  the  clinical  condition  of  the  patient  improves. 
Even  when  the  jaundice  has  disappeared  the  galactose  index  may  still 
be  raised.  This  is  a  characteristic  of  all  liver  function  tests  m  acute 
liver  damage.  In  cirrhosis  of  the  liver  increased  values  may  be 
obtained  up  to  300  to  400  or  more,  depending  on  the  severity  ot  the 
disease.  Maclagan  and  Rundle  (1940)  also  found  consistently  increased 
figures  in  hyperthyroidism. 

Intravenous  Galactose  Tolerance  Test  (King  and  Aitken,  1940) 
King  suggested  an  intravenous  form  of  the  test  in  which  blood 
galactose  is  estimated  five  minutes,  half,  one,  one  and  a  half,  two 
hours  after  the  intravenous  injection  of  galactose  equn  alent  to 
0-5  gram  per  kilogram  of  body  weight,  given  as  a  sterile  50  per  cent 

solution  ^According  to  this  a  normal  person  should  ^ 

solutio  .  ovprafje  at  about  200  mg.  galactose  per  100  ml., 

Srsteeply  luring  tlfe  Hrst  hour  and  reaching  a  figure  between  0 
Ind  10  cer  cent  by  the  end  of  two  hours.  In  most  cases  of 

obstructive  jaundice  ho-,  in'co'ndi- 

?tons°if  wWch  there  is  liver  cell  damage,  the  fall  in  blood  galactose 

‘“a'h“thTi:tr|oustesta™ids^^ 

tion  of  galactose  from  t  ® 'j.  ’  and  is  to  be  preferred  on 

^a«.trof|s  reS£si-PSse“  mSch  l'"cSy  « 

Laevulose  Tolerance  Test  •  the  fasting  patient,  prepared  as 

Fifty  grams  of  laevulose  is  giv  g  estimated  before, 

for  the  glucose  t^era^ce  tesL  ^  g 

and  at  half-hourly  intervals  toi  t  sugar  measure 

lajvulose.  1  he  usual  me  u^-esent  The  normal  response  shows 
both  the 

fittleornoriseintheblooc  sugar  le^  [  tPe 

highest  blood  sugar  reache  irmg  l^luod  sugar 

:S‘'rmai  "eTpm Je^trL  a  case  of  infective  hepatitis. 
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Table  XIV 

Lccvulose  Tolerance  Tests 


I 

II 

Fasting  blood  sugar  ..... 

95 

85 

Blood  sugar  ^  hour  after  50  grams  lievulose 

100 

130 

Blood  sugar  1  hour  after  50  grams  laevulose  . 

105 

145 

Blood  sugar  1^  hours  after  50  grams  laevulose. 

100 

150 

Blood  sugar  2  hours  after  50  grams  laevulose  . 

95 

135 

Blood  sugar  2^  hours  after  50  grams  laevulose . 

90 

120 

Blood  Isevulose  cannot  be  estimated  in  the  same  way  as  blood 
galactose,  since  yeast  ferments  both  lasvulose  and  glucose.  Special 
colorimetric  methods  are  used  (Stewart,  Scarborough  and  Davidson, 
1937,  1938  ;  Davidson  et  al.  1946).  Herbert  and  Davison  (1938) 
have  used  this  technique  in  the  laevulose  tolerance  test,  measuring 
the  blood  laevulose  alone,  instead  of  the  total  blood  sugar. 


TESTS  DEPENDING  ON  ABNORMALITIES  IN  PLASMA 

PROTEINS 

Determination  of  the  Plasma  Proteins 

This  yields  most  useful  information  in  chronic  liver  disease.  For 
methods  of  estimation,  see  pp.  164-72.  The  liver  is  the  site  of 
albumin  and  fibrinogen  synthesis.  In  advanced  liver  disease  the 
albumin  is  decreased  and  the  globulin  often  increased,  so  that  the 
albumin-globulin  ratio  may  be  reversed.  The  albumin  may  fall  below 
2-5  per  cent,  and  is  a  contributory  factor  in  causing  the  oedema 
present  in  such  cases.  The  globulin,  on  the  other  hand,  may  be 
increased  to  oyer  4  and  5  per  cent.,  a  level  which  is  said  to  indicate  a 
bad  prognosis  (Higgins  et  al,  1944).  Fractionation  of  globulin  reveals 
hat  the  increase  is  mainly  in  the  y-globulin.  In  acute  hepatitis 
quantitative  estimation  of  albumin  and  globulin  gives  normal  results 
m  the  early  stages,  though  there  is  evidence  that  Vahtative  crang^ 
may  be  present  (see  p.  245).  In  some  cases  values  for  albumirfaH 
within  the  lower  normal  range.  Normal  figures  are  also  the  rule  in 

^ifZmage^^''  complicating  liver 

(200  to  400  mg  per 

100  ml  )  unless  considerable  liver  damage  has  occurred  TbSf 
values  below  100  mg.  per  100  ml.  have  bSen  reported  Tb^P  ’ 
found  m  severe  acute  liver  insufficiencv  qo  ^ 

yellow  atrophy,  in  poisoning  from  carLn  tetSchlorideTnd"irth" 
advanced  stages  of  liver  cirrhosis.  ’ 

Flocculation  Tests 

Flocculation  tests  depend  on  an  alteratinn  +i  4. 
present  in  the  plasma.  This  niay  be  either  qualitative  o'^VantiS^e 
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and  most  frequently  involves  one  or  more  of  the  globulin  fraetions. 
Since  all  these  tests  depend  on  rather  similar  changes  in  the  plasma 
proteins,  it  is  not  usual  to  employ  more  than  one  or  two  of  them. 

One  of  the  earliest  was  the  Takata-Ara  reaction.  First  used  on 
cerebrospinal  fluid  the  test  was  applied  to  blood  serum  in  pneumonia 
and  then  later  by  Jezler  to  cases  with  liver  disease.  In  carrying  out 
the  test,  place  1  ml.  of  0-9  per  cent,  sodium  chloride  solution  into  eight 
small  tubes.  Add  1  ml.  of  serum  to  the  first,  mix,  transfer  1  ml.  to 
the  second  tube,  mix,  and  proceed  similarly  along  the  row  of  tubes 
so  that  a  series  of  dilutions  of  serum  from  i,  i  .  .  .  is  obtained. 
To  each  tube  add  0-25  ml.  10  per  cent,  sodium  carbonate  solution  and 
0-3  ml.  of  a  solution  made  by  mixing  equal  volumes  of  0-5  per  cent, 
mercuric  chloride  and  0-025  per  cent,  fuchsin  in  water.  Normal 
serum  only  precipitates  from  tube  4  onwards.  A  precipitate  in  tube  3 
or  earlier  constitutes  a  positive  reaction. 

Although  the  test  is  positive  in  cirrhosis  of  the  liver,  it  is  by  no 
means  specific  for  liver  dysfunction,  and  is  not  nearly  so  satisfactory 
as  the  tests  to  be  described. 


The  Thymol  Turbidity  Test  (Maclagan  1944  (b)  ) 

The  degree  of  turbidity  produced  when  serum  is  mixed  with  a 

buffered  solution  of  thymol  is  measured. 

Thymol  Buffer.  Add  500  ml.  of  distilled  water  to  1-38  grams  of 
barbitone,  1-03  grams  of  sodium  barbitone  and  about  3  grams  of 
thymol  Heat  the  mixture  just  to  boiling  point,  shake  w^ell,  an 
cool  thoroughly.  It  will  be  turbid.  Seed  with  a  small  amount  of 
oowdered  thynL  crystals,  shake,  and  allow  to  stand  overnight  at  a 
feill^erature  If  20“  to  25»  C  Shake  well  and  hlter^  Store  -  a  shgh  ly 
warmish  place  in  cold  weather,  at  about  or  near  to  20  C.,  since  there 
is  a  signiLant  reduction  in  the  solubility  of  thymol  below  20  C 
Technique.  Pipette  0-10  ml.  of  serum  into  a  dry  test  tube  and  add 
6  nd.  of  the  thymol  buHer.  Allow  to  stand  for  half  an  hour  tompaje 
with  the  set  of  protein  standards  containing  10  20,  30,  40  .  .  .10 
per  lOO  ml  described  for  the  estimation  o  cerebrospinal  fluid 

""  ‘exim;i?e:the  rSt'ni  "  equivalent 

to  that  oi  the  S  P  o  units  and  so  on  up  to  10  units, 

to  the  20  mg.  per  cen  .  ^  of  the  100  mg.  per  100  ml.  standard, 

when  the  turbidity  J  0  mg  per  Lnt.  standard,  dilute 

make  the  "eeessarv  adjustment  in  t  le  eacu  a  m  ^  (.„rve 

As  described  under  eerebrl^spinal  flmd  protei 
can  be  Ptopaj-ed  for  the  1|  of  ’comparing  will,  the 

can  be  read  on  that  inst  transmission  at  050  iiiilhimcrons 

M:'cii^:ln  boweve;  Sll  prefers  visual  eoiiqiarison  and  considers  it  to 
be  more  reliable.  ^  is  y.g.  It  has  been 

”;;Sd  thafa^^rr  of  pll  7-55  gi^es  greater  sensitivity.  Por  this 
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the  buffer  is  made  up  using  1-519  grams  of  barbitone  and  0-929  gram 
of  sodium  barbitone.  The  sensitivity  apjjears  to  be  increased  but 
possibly  at  the  cost  of  some  degree  of  specificity.  Maclagan  (1947) 
sees  no  need  for  such  a  readjustment  and  continues  to  use  the  original 
buffer,  pH  7-8,  and  this  is  recommended  since  uniformity  of  technique 
is  desirable. 

2.  Shank  and  Hoagland  (1946)  suggested  a  set  of  suspensions  of 
barium  sulphate  as  standards  (see  also  Ley  et  al.,  1946).  These  do 
not  compare  accurately  with  the  JMaclagan  standards  but  give 
readings  approximately  twice  as  great.  Shank  and  Hoagland  used  a 
0-0962  N  solution  of  barium  chloride  (1  per  cent.  BaClg).  When 
3  ml.  of  this  is  made  up  to  100  ml.  with  0-2  N  sulphuric  acid,  the 
resulting  turbidity  corresponds  to  10  Maclagan  units,  not  20  as 
stated  by  these  authors.  As  Ducei  (1947,  a)  points  out,  for  a  turbidity 
equal  to  20  units  0-0962  M  barium  ehloride  solution  must  be  used. 


INTERPRETATION 

The  usually  accepted  normal  range  is  0  to  4  units,  but  the  great 
majority  of  normal  persons  are  between  1  and  2  units.  For  hospital 
patients,  however,  the  wider  range  is  used.  The  following  figures  are 
from  Maclagan’s  original  paper. 


No.  of 
cases 

Per  cent, 
positive 

Infective  hepatitis 

134 

91 

Cirrhosis  .... 

13 

100 

Arsenical  jaundice 

32 

47 

Weil’s  disease 

23 

52 

Amyloidosis 

7 

14 

Obstructive  jaundice  . 

39 

8 

Thymol  units 


0-4 


12 

0 

17 

11 

6 

30 


22 

2 

11 

9 

1 

3 


8-10 


51 

4 

2 

3 

0 

0 


11-15  116—20 


30 

3 

1 

0 

0 

0 


14 

1 

1 

0 

0 

0 


Over  20 


o 

3 

0 

0 

0 

0 


I'ainoiogy.  pi.  k.  Lewi 5  &  Co.  Ltd.) 
In  infective  hepatitis  the  thymol  turbidity  is  usually  highest  soon 
after  the  onset  of  the  jaundice,  but  frequently  remains  ^raised  for 
several  weeks  and  oeeasionally  even  for  months  afte?  the  serum 
bihrubm  has  returned  to  within  normal  limits 

Maclagan  and  Bunn  (1917)  investigated  the  factors  which  govern 
the  development  of  turbidity  in  liver  disease.  They  «,e 

Jl,®’  i"  .*?  mainly  responsible.  The  test  also  depends  on  the 
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The  flocculation  test  proves  to  be  positive  in  some  cases  in  which 
the  turbidity  test  is  found  to  be  negative.  It  is  claimed  that  the 
sensitivity  of  the  thymol  turbidity  test  is  increased  by  this  additional 
observation  (see  also  Shay  et  al.,  1947). 

The  Serum  Colloidal  Gold  Test 

A  serum  colloidal  gold  test  was  introduced  by  Gray  (1940)  in  which 
serum  diluted  1  in  350  was  put  up  in  a  colloidal  test  in  the  same  way 
as  cerebrospinal  fluid  (see  p.  466).  The  test  was  further  studied  by 
Maclagan  (1944  {a)  ;  1946  {h)  ),  who  developed  a  one  tube  test  m 
w’hich  a  barbitone  buffer  pH  7*7  and  gold  sol  are  added  to  serum. 
The  degree  of  precipitation  which  results  after  standing  overnight 

is  3.sscss0ci* 

Reagents.  1.  Barbitone  buffer,  pH  7-7.  Add  100  ml.  of  distilled 
water  to  0-55  gram  of  barbitone,  0-31  gram  of  sodium  barbitone 
and  0-2  gram  of  phenol.  Dissolve  by  heating  gently.  This  solution 

keeps  for  at  least  two  to  three  months.  . 

2.  Gold  sol  prepared  as  for  the  Lange  gold  curve  on  cerebrospinal 
fluid  (p.  466).  The  pH  of  the  final  product  should  be  about  5-9. 

Cover  the  flask  with  a  beaker.  Keep  in  the  dark. 

directly  from  the  flask  and  do  not  return  unused  portions  to  the  stock 

^^T^ique.  Pipette  0  05  ml.  of  serum  in  an  accurately  graduated 
0-2  ml  pipette  with  a  waxed  tip  into  a  clean  pyrex  tube  (6  X  i  , 
add  0  5  K  the  barbitone  buffer  and  then  2-5  ml  of  the  gold  so  . 

S^pXitant”  nuid.  Normal  serum  gives  no  precipitation  at  all, 
which  is  recorded  as  0. 

;  sricg;  sg  m  5=1 

per  cent,  positive  tests  -P  hepatic  cirrhosis,  but  only 

arsphenamme  jaundice,  87  per  cent. 

the  effect  of  the  y-globuhn. 

Colloidal  Red  Test  (Ducci,  1947  (^)  ) 

This  test  gives  results  ^°j^^|j7h/cofl^^  may 

gold  test.  It  has  the  advantage  that  the  coiioiu 

be  easier  to  prepare.  ^i^oholic  solution  of  scarlet  red  (Scharlach 

«“rts  "Ckfs/me  dye  Sn  a  bottle  with  absolute  alcohol. 

Lre^fn  ?nSator  for  twenty-fo"ur  hours  before  using. 


TESTS  IN  LIVER  AND  RILIARY  TRACT  DISEASE  247 


2.  Buffer,  pYl  7-53.  Dissolve  0-325  gram  of  sodium  barbitone, 
0-639  gram  of  diethylbarbituric  acid  and  0-2  gram  of  phenol  in  90  ml. 
of  water  with  the  aid  of  heat,  cool,  and  make  up  to  100  ml.  Check 
the  pH  and  adjust  if  necessary. 

3.  Scarlet  red  reagent.  Warm  10  ml.  of  stock  scarlet  red  solution 
and  50  ml.  of  water  separately  to  55°  C.  Add  the  water  quickly  and 
boil,  first  in  a  water  bath,  then  over  a  gauze,  until  the  volume  is 
reduced  to  20  ml.  IMake  up  to  800  ml.  with  distilled  water.  Keep 
in  the  refrigerator. 

Technique.  Mix  0-05  ml.  of  serum,  0-5  ml.  of  buffer  and  add  2-5  ml. 
of  the  scarlet  red  reagent.  Read  as  follows  after  standing  for  twenty- 
four  hours  : 

0  No  change. 

1  Faint  precipitate. 

4  Slightly  coloured  supernatant  fluid,  with  heavy  precipitate. 

5  Clear  supernatant  fluid,  with  heavy  precipitate. 

2  and  3  are  intermediate,  mainly  judged  by  the  colour  of  the 

supernatant  fluid. 


The  Cephalin  Cholesterol  Flocculation  Test  (Hanger,  1939  ;  Pohle 

and  Stewart,  1941  ;  Hanger  and  Patek,  1941) 

This  test  was  introduced  by  Hanger  who  studied  the  ability  of 
the  serum  from  cases  of  hepatic  disease  to  flocculate  a  colloidal 
cephalin  cholesterol  suspension. 

Preparation  of  the  Cephalin  Cholesterol  Suspension.  A  cephalin 
cholesterol  preparation  is  available  (Difco,  British  agents,  Baird  and 
Tatlock)  from  which  the  suspension  as  used  in  the  test  can  easily  be 
prepared.  Otherwise  it  can  be  made  as  follows. 

Prepare  the  cephalin  from  sheep’s  brain.  Dehydrate  fresh 
macerated  brain  tissue  by  three  extractions  with  acetone.  Powder 
the  dry  material  obtained  and  extract  three  times  with  peroxide- 
free  ether.  Concentrate  the  ether  extracts  m  vacuo  and  precipitate 
the  crude  cephalin  by  addition  of  4  volumes  of  absohite  alcohol 
Dissolve  the  precipitate  obtained,  in  the  smallest  possible  amount 
ot  ether,  cliill  to  precipitate  cerebroside  impurities,  and  ccntrifuire 
Again  precipitate  the  remaining  ether  solution  with  4  volumes  of 

at^Ton?  7  r  ’  ^  I'  ’  precipitate,  wash  with  alcohol  and 

atetone,  and  dry.  Prom  this,  prepare  the  stock  cephalin  cholesterol 
solution  by  dissolving  100  mg.  of  the  cephalin  and  300  mg  of 
cholesterol  in  8  ml.  of  ether.  ^ 

Preparatinn  of  the  Cephalin  Cholesterol  Emulsion  for  Use.  Add 
slowly,  with  stirring,  1  ml.  of  the  stock  ether  solution  as  menarod 
ft?’  t  t  distilled  water  warmed  to  65»  to  7^0 

emulsion  is  then  ready  for  use  ‘'''"P^r'^ture.  The 

.i»  »K.k.  .,'„d  ,1,  „ « ji'Si  •„"'4 
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stand  upright  in  a  rack  and  leave  undisturbed  at  room  temperature. 
Read  the  amount  of  flocculation  after  twenty-four  and  forty-eight 
hours. 

Normal  sera  show  no  ehange  in  the  state  of  the  emulsion,  the  test 
being  described  as  negative.  With  positive  tests,  grading  is  based 
on  the  amount  of  flocculation  which  has  taken  place.  4-1-  indicates 
eomjdete  precipitation,  leaving  a  completely  clear  supernatant  fluid, 
l-j-j  24-,  S-\-  show  intermediate  degrees  of  floceulation.  Each  batch 
of  emulsion  should  be  tested  with  known  negative  and  known  4-1- 
sera.  These  control  sera  can  be  kept  for  at  least  a  month  frozen 
solid  in  the  refrigerator. 

Serum  used  for  the  test  should  be  fresh  and  put  up  within  five  to 
six  hours  of  taking  the  blood.  (ilassware  shoidd  be  cleaned 
thoroughlv  with  aeid,  steamed  and  washed  with  distilled  water. 


INTERPRETATION  ,  r.  i 

The  test  gives  results  which  roughly  parallel  those  of  the  thyinol 
turbidity  test.  It  is  positive  in  the  early  stages  of  infective  hepatitis 
before  the  iaundice  develops.  Comparison  with  the  thymol  turbidity 
test  shows  that,  in  general,  the  eephalin  eholesterol  test  becomes 
positive  several  days  earlier  in  this  condition  than  does  the  thymol 
turbidity  test,  whilst  the  latter  remains  positive  for  a  longer  period. 
The  test  has  been  used  in  the  diagnosis  of  the  pre-icteric  stage  o 
infective  hepatitis  during  epidemics.  When  a  po^tive  test  persists 
after  apparent  recovery  from  an  attack  of  hepatitis  this  indicates  a 

’’TheTeft  resembles  the  thynml  turbidity  test  iu 
reduced  percentage  of  positive  results  in  arsenical  jaundice.  Ncgat ri  e 
tests  are  found  in  uncomplicated  obstructive  jaundice.  t\  hilst 
normal  albumin  has  an  inhibiting  effect,  y-globiihn  and  jirobably  a 

oTer;r«Si“s,  this  .  best  regarded  as 

“"cmmilred  Ith^^ymotturS^^  cephalin  cholesterol 

Comparea  \\i  y  successive  batches  of  emulsion  are  not 

If  rqire^udbK  th^  thymol  buffer.  Its  main  advantage  is  in  the 

earlier  stages  of  infective  hepatitis. 

The  Zinc  Sulphate  Test  (Kunkel,  1947) 

Whilst  the  llocculation  and  turbi^y  tests  so 

for  their  effects  on  alterations  m  V  S  ’  „rhich  he  claims  gives  an 

Kunkel  has  described  a  ““^^^ate  tes  uhich  h^^  ^ 

Si';,'  r  A. p—- 1-  '■ 

the  same  way  as  in  the  thymol  turbidity  test 
.  - 1  '*Znlo“  Kg  tr  bitonTand  210  4  of 

^oiiumYimKeln^l'istdVed  water  afid  make  up  to  1  litre.  The  pH 

Technique.  Pipette  1  volume  of  serum  (01  ml.)  and  add  it  to 
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60  volumes  of  the  buffered  zinc  sulphate  (6  ml.).  Stand  for  thirty 
minutes,  shake,  and  read  the  degree  of  turbidity  in  the  same  way  as 
described  for  the  thymol  turbidity.  Kunkel  used  the  barium  sulphate 
standards  of  Shank  and  Iloagland  (1946).  Three  ml.  of  a  solution 
containing  1-15  grams  of  RaCla,  2H2O  per  100  ml.  are  made  up  to 
100  ml.  in  a  volumetric  flask  with  0-2  N  sulphuric  acid.  The  turbidity 
of  this  solution  is  said  to  be  equivalent  to  20  units. 

In  the  absence  of  standards  a  rapid  estimate  of  the  globulin 
increase  can  be  made  by  visual  observation  of  the  turbidity.  The 
time  required  for  flocculation  to  take  place  gives  a  measure  of  the 
y-globulin  level.  Some  sera  with  high  globulin  eontent  floceulate  in 
a  few  minutes  while  normal  sera  do  not  floeeulate  for  at  least  twelve 
hours.  Patients  with  slight  y-globulin  inerease  usually  flocculate 
within  four  hours. 


INTERPRETATION 

The  normal  range  was  found  to  be  between  2  and  8  units  with 
results  up  to  80  units  in  disease.  All  cases  of  eirrhosis  of  the  liver 
gave  positive  results.  Kunkel  observed  a  delayed  rise  in  y-globulin 
in  infeetive  hepatitis  with  subsequent  prolonged  high  levels  and 
suggested  that  this  might  refleet  the  produetion  of  antibodies  rather 
than  be  a  disturbanee  in  liver  funetion.  Serial  determinations  of 
thymol  turbidity  ran  parallel  with  results  from  this  test  during 
convaleseence  from  infeetive  hepatitis  but  marked  differences 
occurred  in  eirrhosis.  Kunkel  reported  five  cases  which  developed 
chronic  hepatitis  following  infective  hepatitis  and  stated  that  all 
showed  raised  y-globulin.  He  claimed  that  the  zinc  sulphate  test  is 
the  most  sensitive  lor  deteeting  a  residual  hepatitis. 

Since  the  test  depends  on  inerease  in  y-globulin  it  is  not  specific  for 
hver  disease  and  gives  positive  results  in  other  eonditions  such  as 
multiple  myeloma  111  whieh  globulin  is  altered.  Kunkel  used  the 
fever  °  changes  m  y-globuhn  in  searlet  fever  and  rheumatie 

Weltmann  Coagulation  Test 

VVeltmann  (1930)  mtrodueed  a  sero-coagulation  test.  A  constant 
ainount  of  serum  is  added  to  different  concentrations*  of  Scium 

chloride  and  heated  ,n  a  water  bath.  With  abnormal  lluids  0030^^^ 
case  S  nmmaTse'rr"  «>an  i!  the 

calcium  Tloride  sit!:;;  triOO^^o^^Sahi 

Set  up  tubes  as  follows  :  cent,  solution. 


Tube 


l‘er  cent,  CaClj,  6H,()  . 

x!l’ 

Ml.  distilled  water 
Serum 


1 


0-1 
5  0 
0 


0  09 
■iii 
0  5 


0-08 
4  0 
10 


0  07 

3-5 

1-5 


0  06 
3  0 
2  0 


0  05 


2  5 


0  04 
2  0 
3  0 


Add  01  ml.  to  each  tube. 


0  03 

1-5 

3-5 


9 


002 
10 
4  0 


10 


0  01 
0  5 
4-.5 
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Shake  well  to  mix,  and  place  in  a  bath  of  boiling  water  for  fifteen 
minutes.  The  tubes  may  remain  clear,  show  opalescence,  show 
turbidity,  or  flocculate. 

Weltmann  refers  to  the  number  of  tubes  in  which  there  is  coagula¬ 
tion  as  the  coagulation  band.  Normal  sera  show  flocculation  in  the 
first  six  tubes,  with  possible  slight  change  in  the  seventh.  This  is 
described  as  a  coagulation  band  of  6  or  6^.  In  case  of  doubt  or  slight 
coagulation,  |  is  added  to  the  number  of  the  last  tube  showing 
undoubted  coagulation.  Weltmann  described  the  reaction  as 
moved  to  the  right  if  the  coagulation  band  is  7  or  greater,  and  to  the 
left  if  below  6,  thus  giving  a  long  or  short  coagulation  band, 

respectively. 


™Thk  is^^speeiflc  diagnostic  test  but  is  claimed  to  be  altered  in 
parenchymal  liver  disease.  A  longer  coagulation  band  occurs  in 
Lute  hepatic  jaundice  and  in  liver  cirrhosis,  the  test  "“mal 

obstructive  iaundice.  It  has  been  used  m  lung  conditions,  tor 
exfmple  in  tuberculosis,  in  which  condition  a  shorter  coagulation 
band^s  found  when  there  are  inflammatory  and  exudative  changes, 
a  louver  when  fibrotic  changes  are  occurring  (Levinson  aiul  Klein, 
loss  ^939)  According  to  Olhagen  (1947),  a  short  band  is  due  to 
exSs  rf  i'  or  Sobuhn  wherets  a  long  band  relleets  an  morease 
in  y-globulin.  This  test  has  been  mainly  used  m  conditions  ot 
than  those  involving  the  liver. 


The  For  mol  Gel  Test 

This  is  another  test  for  detecting  increase  narrow 

Technique  AeM  1  droP  <,f  ormalin  to  1 

test  tube.  Shake.  Wl^  rtnnnue  A  positive  test  is  mainly 

few  minutes,  sometimes  becom  g  P  ^  ’increased  serum  globulin, 
found  in  conditions  m  v^ich  there  to  be  closer 

Indeed,  the  connection  with  this  test  is 

than  that  in  the  i mg  the  Weltmann  test  it  is  mainly 

positive  in  chronic  liver  .  ^^hilst  positive  findings 

Led  in  other  conditions,  diseases  sLh  as  multiple 

L7eLntUrdo::'s,  ^LcL  malanal  inteetlons,  trypanosomiasis  and 
in  many  chronic  infections. 

Summary  . 

Flocculation  tests  have  their  thcoretieal 

years,  both  from  a  clmical  standpoint  a  contained  m  a 

background.  A  Il'X  L-es'the  more  important  ■’eferenees^ 

paper  by  Maclagan  (1948  ,  «  >o  hi  hepatitis,  cephalin 

Til  liver  disease  and  part  „  tnrhiditv  tests  are  most  useful, 

cholesterol,  colloidal  gold  J  lynio  infective 

Kt  aLLenieaTunclice  and'  in  homologous  serum  jaundice. 
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obstructive  jaundice,  thymol  and  colloidal  gold  tests  give  more 
consistently  negative  results  than  the  cephalin  test.  The  cephalin 
cholesterol  test  has  the  advantage  of  being  positive  earlier  in  infective 
hepatitis,  whilst  the  thymol  turbidity  remains  positive  longer. 

If  one  test  only  is  used,  the  thymol  turbidity  is  best,  since  the 
thymol  buffer  is  readily  reproducible  and  the  test  is  most  easily  read. 
Some  workers  prefer  to  use  two  and  select  the  thymol  turbidity  test 
and  the  colloidal  gold  test.  Maclagan  (1950)  finds  close  correlation 
between  the  zinc  sulphate  and  colloidal  test  and  since  the  zinc 
sulphate  test  is  simpler  prefers  to  use  this. 

In  interpretating  these  tests  it  should  be  borne  in  mind  that  all 
give  positive  results  in  a  number  of  diseases  other  than  those  involving 
the  liver,  and  some,  particularly  the  Weltmann  test  and  Formol  Gel 
test,  have  been  mainly  used  in  such  conditions.  Positive  results  in 
non-hepatic  diseases  are  less  frequent  in  the  colloidal  gold,  cephalin 
cholesterol  and  thymol  turbidity  tests.  Carter  and  Maclagan  (1946), 
using  the  thymol  turbidity  test,  reported  80  per  cent,  positive  results 
in  malaria,  38  per  cent,  in  rheumatoid  arthritis,  36  per  cent,  in  heart 
failure,  58  jjer  cent,  in  glandular  fever,  and  86  per  cent,  in  subacute 
bacterial  endocarditis.  These  conditions  are  not  likely  to  be  confused 
clinically  with  primary  liver  disorders.  The  colloidal  gold  test,  which 
was  found  to  give  a  higher  percentage  of  positive  results  in  these 
conditions  than  the  thymol  turbidity  test,  was  positive  in  94  per  cent, 
of  cases  of  malaria,  76  per  cent,  of  rheumatoid  arthritis,  39  per  cent, 
of  heart  failure,  95  per  cent,  of  glandular  fever  and  100  per  cent,  of 
subacute  bacterial  endocarditis.  Positive  results  have  also  been 
obtained  with  the  cephalin  cholesterol  test  in  congestive  heart  failure 
malaria,  subacute  bacterial  endocarditis,  infectious  mononucleosis' 
myelomatosis,  sarcoidosis  and  rheumatoid  arthritis. 

The  results  of  flocculation  tests  do  not  alwavs  parallel  alterations 
in  the  albumin-globulin  ratio. 


HIPPURIC  ACID  SYNTHESIS  TEST 


•e  known  test  based  on  the  detoxicating  functio7i  of  the  liver 

IS  the  H,ppur,c  Acid  test  of  Quick.  Tlie  liver  removes  benzoic  acid 
b>  combining  it  with  glycine  to  form  hippuric  acid  which  is  excreted 
...the  urine.  The  benzoic  acid  is  given  as  sodium  benzoatf  either 

hf «  fi  amount  of  hippuric  acid  excreted 

in  a  fixed  time  is  determined.  The  test  thus  depends  on  thfaMilv 
of  the  liver  to  produce  sufficient  irlvcinp  TTnr.  ui 

function  must  'be  normal,  n  ilt' T  any  reason to'sSn^^^^^^  ""‘‘1 

venous  forms  of  the  hippuric  add  tSt  are  fn  use. 


Determination  of  Hippuric  Acid  in  Urine 
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Reagents.  1.  Sulphuric  acid,  25  per  cent,  (approximately  10  N). 

2.  Solid  sodium  chloride. 

3.  Saturated  sodium  chloride  solution. 

4.  N/2  sodium  hydroxide  solution. 

5.  Barium  chloride  solution. 

6.  Phenolphthalein  as  indicator. 

Technique.  Add  30  grams  of  sodium  chloride  to  100  ml.  of  urine 
in  a  suitable  flask  and  shake  well  to  dissolve.  Add  3  ml.  of  the  10  N 
sulphuric  acid.  The  mixture  should  be  acid  to  Congo  red.  Stir  with 
a  glass  rod,  scratching  the  side  of  the  flask  to  encourage  preeipi- 
tation  of  the  hippuric  acid.  Stand  at  least  half  an  hour,  or 
overnight.  Then  filter,  preferably  with  the  aid  of  suction  through  a 
sintered  glass  filter.  Wash  several  times  with  saturated  sodium 
chloride  until  the  filtrate  does  not  give  a  test  for  sulphuric  acid  with 
barium  chloride.  Before  pouring  it  on  to  the  precipitate  use  the 
wash  liquid  to  wash  out  the  flask  in  which  the  precipitation  was 
carried  out.  Finally,  dissolve  the  precipitate  in  hot  distilled  water. 
The  water  for  this  may  be  heated  in  the  flask  used  for  the  precipitation. 
Titrate  with  N/2  sodium  hydroxide  using  phenolphthalein  as  mdi- 


editor*  .  .  .  • 

Sometimes,  particularly  with  urines  containing  bile,  precipitation 

may  not  occur  satisfactorily,  but  may  be  assisted  by  seeding  with  a 

few  small  crystals  of  hippuric  acid.  ^ 

Calculation.  1  ml.  of  sodium  hydroxide  is  equivalent  to  0  072 
gram  of  sodium  benzoate  or  0061  gram  of  benzoic  acid.  .-u 

It  is  necessary  to  make  an  allowance  for  some  hippuric  acid  whic 
remains  Tn  solu'iion  when  the  urine  is  "ed  w.th  he  soch^ 
chloride  This  is  done  by  adding  0-10  gram  per  100  ml.  of  u  . 
"  exanrple,  suppose"  7-6  ml.  of  N/-2  sodium  hydroxide  were 

required  in  the  titration. 

Grams  hippurie  acid  per  100  ml.  of  urine 

=  (7-6  X  0-072)  +  0-1  =  0-547  +  0-10  =  0-65,  expressed  as  sodium 
benzoate. 


nSvt  o'^gramr^tdlm!  benzoate  in  about 

toast  a  d  eoffee!"food  sLuld  not  then  be  givei.  until 
breakfast  oi  toast  ana  cane  ,  Vxiaflrler  the  urine  being 

late  in  the  test.  The  pa  leiit  einpties  the  ,tied 

discarded,  and  then  drinks  the  benzoate^  _^The  bladde^ is  ^^^1^^ 

again  four  hours  later.  Any  urn  |  liours.  The 

in  this  four-hour  period  is  deter- 

mined. 


interpretation  pvnressed  as  benzoic  acid,  or 

At  least  8  grams  of  hippuric  “  f  in  ,,ealth.  Smaller 

8-5  grams  as  sodium  benzoate,  ®  ^  chronic  liver  damage. 

infective  hepatitis. 
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2,  Intravenous  Test.  I^ecause  of  the  possibility  of  impaired 
absorption  of  the  benzoate,  and  also  because  of  the  nausea  which  it 
sometimes  causes  when  taken  orally,  an  intravenous  form  of  the  test 
has  been  used.  The  amount  used  is  1-77  grams  of  sodium  benzoate 
dissolved  in  20  ml.  of  water  given  intravenously.  Shortly  before  the 
injection  the  patient  empties  the  bladder  and  drinks  a  cupful  of  water. 
The  bladder  is  emptied  one  hour  and  two  hours  after  the  injection. 
Some  workers  have  used  only  the  single  hourly  specimen  but  it  would 
appear  to  be  wiser  to  collect  two  specimens. 

INTERPRETATION 

Hippuric  acid  equivalent  to  at  least  0-85  gram  of  sodium  benzoate 
or  to  0-7  gram  of  benzoic  acid,  should  be  excreted  in  the  first  hour  ; 
or  equivalent  to  1-15  grams  of  benzoic  acid  in  the  first  two  hours. 
As  before,  smaller  amounts  indicate  the  presence  of  liver  damage. 

Note.  If  a  specimen  with  a  volume  less  than  100  ml.  is  obtained  it 
can  be  diluted  to  100  ml.  with  water  and  the  estimation  carried  out 
as  described.  For  very  large  volumes,  more  commonly  obtained  in 
the  oral  test,  it  is  advisable  to  concentrate  the  urine  somewhat  before 
estimating  the  hippuric  acid. 


TESTS  BASED  ON  THE  REMOVAL  OF  INJECTED 

SUBSTANCES 

The  Bromsulphthalein  Test 

The  ability  of  the  liver  to  excrete  certain  dyes  is  used  in  the 
bromsulphthalein  excretion  test  (Mateer  et  al.,  1942). 

In  the  original  form  of  this  test  2  mg.  of  dye  per  kilogram  of  body 
f ^  ^  ^  solution  were  injected  intravenously.  This 

should  be  almost  completely  excreted  in  thirty  minutes.  The  test 
was  later  modified  to  use  5  mg.  per  kilogram  and  forty-five  minutes 
used  instead  of  thirty  minutes  for  the  time  when  the  dve  should  have 
been  completely  removed  from  the  blood.  An  intermediate  deter- 

Technique  of  the  Test.  Witl,  the  patient  fasting,  inject  intra- 
venously  and  slowly  in  one  minute  an  amount  of  5  per  cent  brom- 
^Iphthalein  Which  contains  5  mg.  of  bromsulphtLlein  L 
kilogram  of  body  weight.  W  ithdraw  5  to  10  ml.  of  blood  twentv-five 
and  forty-five  minutes  after  the  injection  and  allow  the  specimens  to 
clot.  Separate  the  sera  and  estimate  the  amount  of  dye  ireaeh 

Estimation  of  Bromsulphthalein 
Reagents,  l.  N/IO  sodium  hydroxide. 

2.  N  /10  hydrochloric  acid. 

the^solM 

"'lecLtue."‘‘T:“'r“7 

ni  .  o  serum  add  5  ml.  ol  water  and  6  ml.  of 
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N/10  sodium  hydroxide.  Put  up  a  blank  at  the  same  time,  using 
1  ml.  of  serum,  5  ml.  of  water  and  6  ml.  of  N/10  hydrochloric  acid. 
Read  in  the  photoelectric  colorimeter  using  a  yellow-green  filter, 
transmission  about  540  millimicrons. 

Prepare  a  standard  curve  as  follows  : 


Mg.  bromsulphthalein  per  100  ml. 

serum  .....  0 

Ml.  standard  solution  (10  mg.  per 
100  ml.)  .  .  .  .00 

Ml.  water  .....  ^>  0 

Add  6  ml.  of  N/10  sodium  hydroxide  t 
instrument  or  to  read  the  others  against 


2 

4 

6 

8  10 

0-2 

0  4 

00 

0-8  10 

5-8 

5-6 

5-4 

5-2  50 

each,  and  use 

the  zero  tube  to  set  the 

Calculation.  It  may  be  assumed  that  10  mg.  of  dye  per  100  ml. 
of  serum  represents  the  maximum  concentration  reached.  The 
twenty-five  and  forty-five  minute  readings  are  then  expressed  as  a 

percentage  of  this. 


INTERPRETATION  _  ^  j  u 

In  healthy  adults  not  more  than  5  per  cent,  of  the  dye  should 
remain  in  the  blood  at  the  end  of  forty-five  minutes.  The  bulk  of  the 
dye  is  removed  in  twenty-five  minutes,  less  than  15  per  cent,  being 
left  at  the  end  of  that  time.  Removal  proceeds  more  slowly  if  liver 
function  is  impaired,  and  in  advanced  cirrhosis,  for  example,  40  to 
50  percent,  may  still  be  present  forty-five  minutes  after  the 

Sincrthe  dye  is  removed  in  the  bile,  this  test  can  only  be  used  in 
cases  in  which  there  is  no  obstruction  to  the  flow  of  bile.  It  is  mo  t 
useful  in  liver  cell  damage  without  jaundice,  in  cirrhosis  and  chron 
Tepatius  in  these  chfonic  liver  conditions  it  may  be  the  most 
sensitive  of  the  liver  function  tests. 

The  Bilirubin  Excretion  Test 

The  rate  at  which  biHrubin  injected  in^^ 

l^e  blood  ight  with  a  maximum  of  70  mg  This  was 

kilograni  of  body  carbonate.  The  carbonate  was 

dissolved  in  lo  ®  ,  j  biprubin  dissolved.  A  specimen  of 

boiled,  cooled  to  80  C.  and  ^  intravenously.  Two 

blood  (I)  was  taken,  taken  from  the  other  arm,  one 

tl^peSag:  S^bin  retained,  calculated.  This  is 

^  Percentage  bilirubin  retained 

sium  (III)  bilirubin  -  Serum  (1)  bihnito  ^ 

=  SSi^TlI)  bilirubin  -  Serum  (I)  bihrubm 

f  /-kf  iVtp  bilirubin  should  be  retained. 

St‘  f'vtr  disease  without  jaundice,  but  has 
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been  used  in  jaundice  (Weech  et  al.,  1941).  The  bromsulphthalein 
test  is  simpler  to  carry  out,  is  at  least  as  sensitive,  and  is  preferred. 


PROTHROMBIN  TIME 

Prothrombin  time  is  the  term  given  to  the  time  required  for  clotting 
to  take  place  in  oxalated  plasma  to  which  optimum  amounts  of 
thromboplastin  and  calcium  have  been  added.  In  these  circum¬ 
stances  so  long  as  adequate  fibrinogen  is  present  it  is  held  that  the 
clotting  time  is  related  inversely  to  the  amount  of  prothrombin 
present.  This  is  only  strictly  true  so  long  as  the  simple  original 
theory  of  the  mechanism  of  blood  coagulation  holds  : 

prothrombin  +  thrombokinase  -j-  calcium  =  thrombin, 
thrombin  +  fibrinogen  =  fibrin. 

It  is  now  known  that  this  simple  hypothesis  is  inadequate  and  that 
other  factors  influence  the  rate  of  clotting  of  the  plasma.  Neverthe¬ 
less  this  method  is  sufficiently  reliable  for  clinical  purposes  and  is 
widely  used.  Introduced  by  Quick  (1932,  1939),  the  method  given 
is  the  modification  due  to  Biggs  and  MacFarlane  (1949,  1951),  to 
whose  papers  the  reader  is  referred  for  a  more  complete  discussion 
of  this  subject. 

Reagents.  1.  Sodium  citrate,  3 ’8  per  cent,  solution,  or  potassium 
oxalate,  2  per  cent. 

2.  Thromboplastin.  Prepare  from  fresh  human  brain.  Remove 
superficial  vessels  and  meninges,  and  macerate  with  three  to  four 
volumes  of  acetone  in  a  mortar.  Replace  the  acetone  four  times 
Dry  the  powder  obtained  on  a  suction  filter.  Keep  the  powder* 

when  completely  free  from  acetone,  in  bottles  at  room  temperature! 
It  will  keep  for  three  months. 

It  IS  important  to  use  the  optimum  concentration  of  this  thrombo¬ 
plastin,  For  use  suspend  0-5  gram  of  the  dried  powder  in  5  ml.  of 
per  cent,  saline  and  incubate  for  fifteen  minutes  at  37®  (’ 
mixing  occasionally  Centrifuge  lightly  to  bring  down  the  coarser 
particles,  remove  the  supernatant  emulsion  and  prepare  several 
dilutions  1  in  2,  1  in  5,  and  1  in  10  with  the  saline.  Use  theL  to 

uiiutea  1  m  5  with  0-85  per  cent,  saline.  Use  tho  dilni-Jrtr. 

Xn  ;?qu^J?  ^^-ke  this  up  freshly" 

the'anhyffimis'Srffi  and'makrup  foTihre'^’l^ff 

cliloride.''  The  mnTunrusrd''b^^^^^  cakium 

but  can  be  determined.  ‘  arlanc  is  given  below, 

l«rfenCrdium1toatITri,er“r’ t'  "  .add  to  8-8 

portion  of  nine  volumes  of  blood  to*onp  oxalate  in  the  pro- 

inverting  several  Umes  “nS  aTTs™°' 
minutes.  Hcniove  the  plasma  and  keel: i^lhe’^cftig'e^a?;;  ^“'ti.^^ed: 
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It  is  best  to  do  the  test  within  a  few  hours  from  taking  the  blood,  since 
the  coagulation  time  of  pathological  plasma  can  alter  rapidly  on 
storage.  Add  OT  ml.  of  undiluted  plasma  to  OT  ml.  of  the  emulsion 
diluted  as  determined  by  the  method  given  above.  Warm  the 
mixture  in  a  water  bath  to  37°  C.  Add  OT  ml.  of  the  0-025  M 
calcium  chloride  quickly  using  a  graduated  Pasteur  pipette,  and  start 
a  stop-watch.  Note  the  time  required  for  coagulation.  Carry  out 
the  test  in  triplicate  taking  the  mean  of  the  three  readings.  Deter¬ 
mine  the  prothrombin  time  of  normal  plasma  in  triplicate  in  the 
same  way.  The  normal  plasma  should  clot  in  less  than  thirty  seconds 
if  the  test  is  to  be  satisfactory. 

Calculation.  Many  authors  have  used  a  prothrombin  index  to 
express  the  results. 

Prothrombin  time  of  control  plasnm 
Prothrombin  index  =  -  p'rothrombm  time  of  unknown 


Note.  The  range  of  optimum  concentrations  of  calcium  chloride 
and  thromboplastin  are  narrower  for  abnormal  than  for  normal 
plasmas. 

INTERPRETATION  ,  .  .  ,  i  4. 

Although  determination  of  prothrombin  time  has  been  most  used 
in  controlling  dicoumarol  and  tromexan  therapy,  it  has  also  been  used 
in  liver  disease  and  jaundice.  Prothrombin  is  formed  by  the  liver 
cells  vitamin  K  being  required.  When  bile  salts  are  not  present  m 
the  ’intestine  the  absorption  of  vitamin  K  from  the  intestine  is 
imparred.  Accordingly,  in  jaundice  and  liver  cell  disease,  the  amount 

of  prothrombin  formed  may  be  reduced:  nppurs 

I  Recause  there  is  defective  absorption  of  vitamin  K.  This  occur 
in  obf^rtive  iauLlice  when  there  is  absenee  of  bile  salts  from  the 

'"2  '  R-cause  there  is  liver  eell  damage.  The  liver  is  then  less  able 
to  form  prothrombin  even  though  absorption  of  vitamin  K  may  be 

"X:'ihus  seen  that  the  formatt™^^^^^^^ 

in  obstructive  jaundice  and  m  ^  difterentiate 

damage,  so  that  the  prothrombin  '  renterallv 

between  them.  However  -f  a^lequate  >  ■  anu"  K  .  gn 

the  prothrombin  time  dai  mT the  response*  is  less 

obstructed  jaundice  whereasjn^hverjla^,j^^._^  ^ 

marked.  a  test  for  impaired  liver  funetion. 

prothrombin  time  has  bee  hwestiiration  is  to  determine  the 

prothrombin  index  during  th«  ™““  8’  ,  .^/  inone®  diphosphate) 

of  synkevit  "nTravenoL  inleetion  of  100  mg.  six 

intravenously.  Li'  ^  ,  vxtRmnibin  determination  next  morning, 

hours  later,  and  repeat  t''e  t>™  ,„„Ued  increase  in 

twenty-four  hours  after  he  Ims  mjeet  on  ^ 
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there  is  a  danger  of  bleeding  at  operation  in  biliary  tract  disease.  In 
normal  persons  the  prothrombin  index  should  be  within  the  range 
90  to  100  per  cent,  of  the  normal  controls  used.  The  critical  level 
below  whieh  bleeding  may  oceur  is  not  a  fixed  one,  but  usually  lies 
below  a  value  between  20  and  40  for  the  jirothrombin  index. 


MISCELLANFi)US  DETEILM INATIONS 

Serum  Alkaline  Phosphatase  in  Liver  Disease  and  Jaundice 

This  enzyme  is  more  fully  discussed  elsewhere  (see  p.  313),  but  some 
reference  must  be  made  here  to  its  use  in  jaundice.  Serum  alkaline 
phosphatase  is  increased  in  both  acute  hepatitis  and  obstructive 
jaundice.  However,  the  rise  is  usually  much  greater  in  cases  of 
obstructive  jaundice  than  in  jaundice  due  to  hepatitis.  Using  King- 
Armstrong  units  (p.  311),  the  dividing  line  is  often  put  at  about 
35  units  per  100  ml.  of  serum.  A  value  higher  than  this  suggests 
obstruetive  jaundice,  in  which  condition  very  high  figures  up  to 
200  units  and  over,  may  be  found.  On  the  other  hand  results  below 
35  units  suggest  conditions  such  as  infective  hepatitis.  There  is  a 
certain  amount  of  overlapping,  almost  entirely  in  the  range  25  to 
45  units  per  100  ml.  In  addition,  very  high  values  are  occasionally 
obtained  in  liver  disease,  for  example,  in  xanthomatous  biliary 
eirrhosis,  in  which  there  is  no  extrahepatic  obstruction.  Neverthe¬ 
less  the  test  is  valuable,  particularly  when  taken  in  conjunction  with 
other  tests  such  as  the  thymol  turbidity  test  (see  later,  p.  258). 
Serum  alkaline  phosphatase  is  normal  in  haemolytic  jaundice. 

The  explanation  of  these  increases  is  not  clear.'  That  they  are  due 
to  the  fact  that  the  enzyme  is  excreted  in  the  bile  is  not  adequate  to 
explain  all  the  observed  facts.  Production  of  the  enzyme  by  the 
liver  may  be  a  further  factor. 


Serum  Choline  Esterase 

Determination,  Method  of  Stedman  et  al.,  (1933) 

The  acetic  acid  liberated  by  the  action  of  the  enzyme  on  acetyl¬ 
choline  is  titrated  with  sodium  hydroxide. 

Reagents.  1.  Acetylcholine  substrate.  Dissolve  1  gram  of  acetyl¬ 
choline  bromide  in  10  ml.  of  water. 

2.  Cresol  red  indicator. 

3.  Sodium  hydroxide,  N/IO. 

4.  Borate  buffer,  pH  8  (see  p.  516). 

5.  Sodium  hydroxide. 

Technique.  In  a  large  test  tube  in  a  water  bath  kept  at  30°  C 
place  soine  freshly  distilled  carbon  dioxide-free  water.  Add  1  ml.  of 
the  cresol  red  and  1  -5  ml.  of  acetylcholine  substrate.  Adjust  to  uH  8 
with  a  few  drops  of  N/10  sodium  hydroxide,  comparing  w  th  a  tube 
containing  50  ml  of  borate  buffer  and  1  ml.  of  cresof  red  tlabtly 
corked  and  also  placed  m  the  water  bath.  Now  add  0-5  ml  of  serum 
to  the  substrate,  again  adjust  to  pH  8,  and  stopper  the  tube  with  a 
rubber  bung  through  whieh  passe,  a„  ...traveuiis  .,00,11^ 'ouuecled 
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by  fine  rubber  tubing  to  a  burette  eontaining  N/lOO  sodium  hydroxide. 
Add  alkali  drop  by  drop,  shaking  constantly,  to  neutralize  the  acetic 
acid  formed  and  so  keep  the  pH  constant  at  8.  Read  the  burette  at 
the  end  of  twenty  minutes. 

Calculation.  The  result  is  expressed  directly  in  ml.  of  N/lOO 
sodium  hydroxide  required.  It  was  found  that  a  blank  determination 
without  serum  required  OT  ml.  of  N/lOO  sodium  hydroxide  to  keep 
the  pH  at  8.  Subtract  this  from  each  reading. 

INTERPRETATION 

The  normal  range  by  the  above  method  is  2  to  4  units.  Findings 
in  disease  are  summarized  by  Augustinsson  (1948)  in  a  monograph  on 
this  enzyme,  but  are  not  very  typical.  Thus  low  values  have  been 
found  for  example,  in  amemia,  tuberculosis,  carcinoma,  uraemia,  and 
shock,  increases  in  hyperthyroidism  and  diabetes.  Low  values  have 
also  been  reported  in  liver  disease  by  McCardle  (1940)  using  a  method 
which  measures,  in  a  Barcroft  manometer,  the  volume  of  carbon 
dioxide  liberated  by  adding  acetylcholine  to  a  mixture  of  serum  and 
Ringer’s  solution  ("jones  and  Tod,  1935).  The  acetic  acid  formed 
reacts  with  bicarbonate  present  in  the  Ringer’s  solution. 


The  Use  of  Liver  Function  Tests 

The  tests  described  may  be  used  :  ^  .  r 

1.  In  the  differential  diagnosis  between  the  different  types  ot 


^  2  To  assess  the  severity  of  liver  damage  in  known  liver  disease,  to 
follow  the  trend  of  the  disease,  to  gauge  pre-operatiye  surgical  risk. 

3.  As  an  aid  in  diagnosing  the  presence  of  latent  liver  disease  such 
as  in  the  differential  diagnosis  of  ha-matemesis  or  ascites.  Ihis 
includes  the  assessment  of  residual  damage  after  recovery  from  In  er 
disease  •  and  the  screening  of  suspected  cases  during  outbreaks  of 
infective  hepatitis  and  of  persons  working  m  industrial  concerns 
where  substances  toxic  to  the  liver  are  being  handled.  .  , 

1  Differential  Diagnosis  in  Jaundice.  The  distinction  is  not  alway 

thymol  turbidity  with  *>'  tvpe  of 

is  equally  ‘^'.fXfius  that  these  two  tests  will  diagnose  almost 

condition.  'yc'«g®''  ^  j,  still  felt,  further  tests  made  are 

80  per  cent,  of  cases.  J  f„„(,tio„  is  normal  for  at  least  several 
based  on  the  fact  that  hv  u  liver  cell  damage  is  present 

weeks  in  obstructive  ’  j^gp^titis  and  shows  a  tendency  to 

from  the  beginning  m  m  diirimr  the  early  stages,  tests 

improve  in  most  ^t™“y,onnal  in  otetructive  jaundice  but 

h^lTred  intepatiUs.  Tests  recommended  for  this  purpose  are  the 
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galactose  tolerance  test  and  the  hippuric  acid  synthesis  test.  Further 
useful  information  as  to  the  patency  of  the  ducts  may  be  gathered 
from  the  faecal  and  urinary  urobilinogen.  The  qualitative  \an  den 
Bergh  reaction  is  of  no  value  in  the  differential  diagnosis  of  these  cases 
of  jaundice  since  it  is  immediate  direct  in  both  obstructive  jaundice 
and  in  acute  hepatitis.  The  degree  of  jaundice  can  be  followed  by 
serial  estimations  of  serum  bilirubin.  Beyond  this  it  should  not  be 
necessary  to  go.  Plasma  proteins  are  almost  always  normal  in  the 
earlier  stages  of  both  groups  of  conditions,  though  the  albumin  may 
be  low  in  the  normal  range.  Serum  cholesterol  is  raised  in  obstructive 
jaundice  but  more  variable  in  hepatic  jaundice.  This  and  the  pro¬ 
portion  of  ester  cholesterol  has  been  discussed  previously  (see  p.  189). 

2.  Assessing  the  Amount  of  Liver  Damage.  Tests  which  assess 
some  metabolic  or  other  function  of  the  liver  are  chpsen.  The 
galaetose  tolerance  and  hippuric  acid  synthesis  tests  are  particularly 
useful  in  the  presence  of  jaundice  ;  if  jaundice  is  absent,  the  brom- 
sulphthalein  test  should  also  be  used.  The  estimation  of  serum 
proteins  is  also  useful.  The  fall  in  serum  albumin  and  the  rise  in 
serum  globulin  which  may  occur  give  an  indication  of  the  severity  of 
the  condition  and  are  valuable  both  in  diagnosis  and  prognosis. 

3.  As  an  Aid  in  Diagnosing  Latent  Liver  Disease.  The  liver  has 
eonsiderable  functional  reserve  and  capacity  for  regeneration  in 
chronic  liver  disease,  for  example,  in  alcoholic  cirrhosis.  The 
problem  is  mainly  to  decide  which  of  the  tests  gives  the  most  sensitive 
indication  of  impaired  liver  function.  Since  there  is  not  a  uniform 
failure  of  the  various  liver  functions,  some  are  still  normal  while 
others  are  impaired.  So  in  testing  for  latent  liver  disease  it  is  better 
to  use  several  of  the  tests  than  to  rely  on  any  one.  In  most  of  these 
cases  of  suspected  liver  disease,  jaundice  will  be  absent,  so  that  the 
bromsulphthalein  test  can  almost  always  be  used  and  on  the  whole  it 
IS  the  most  sensitive  of  the  tests  at  present  available.  If  this,  the 
galaetose  tolerance  test,  the  hippuric  acid  test,  and  urine  urobilinogen 
are  all  normal,  it  is  doubtful  whether  any  tests  now  available  would 
reveal  the  presence  of  liver  damage. 

Summary 

A  useful  combination  of  tests  which  can  be  done  on  a  sinalp 
specimen  of  clotted  blood,  is  :  serum  bilirubin,  one  or  more  floccufa- 
lon  tests  (for  example,  thymol  turbidity  tesl,  zinc  sulphate  test) 
^rum  alkaline  phosphatase,  and  serum  albumin  and  globulin’ 

sometimes  faeces)  for  the  anfount  of 
urobilinogen  present  can  be  done  without  any  further  trouble  to  thp 
pa  lent  and  may  yield  useful  information.  Additional  te  L  nee^^ 
only  be  done  on  patients  in  whom  the  diagnosis  is  stirnyelear  ) 
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CHAPTER  A' I 


TESTS  OF  PANCREATIC  FUNCTION.  STEATORRH(EA 

Changes  in  both  the  internal  and  external  secretions  of  the  pancreas 

may  be  found  in  pancreatic  disease.  •  u-  u  u 

As  regards  the  internal  secretion,  insulin,  conditions  in  which  the 
islets  of  Langerhans  are  affected  whilst  the  external  secretion  is 
normal  have  already  been  considered.  Glycosuria  with  some  degree 
of  hyperglyca?mia  is  sometimes  found  in  acute  pancreatitis.  Since 
considerable  recovery  of  insulin  function  takes  place,  complete 
restitution  occurs  in  most  cases  but  occasionally  a  permanent  diabetes 
mellitus  is  produced  when  pancreatic  necrosis  has  occurred.  Diabetes 
mellitus  is  likely  to  be  present  after  recurring  attacks  and  m  the  later 
stages  of  chronic  pancreatitis.  How^ever,  tests  in  pancreatic  disease 
are  niostlv  concerned  with  the  external  secretion  of  the  organ. 

The  external  secretion  into  the  intestine,  containing  sodium  bicar¬ 
bonate  and  the  enzymes,  amylase,  lipase,  and  the  group 
still  often  referred  to  as  trypsmogen,  is  controlled  b>  a  du 
mechanism.  Secretin  elaborated  in  the  duodenal  mucosa  when  ac 
foodstuffs  pass  from  the  stomach  into  the  duodenum,  is  responsible 
Tor  the  ou  put  of  water  and  bicarbonate,  whilst  panereozymin,  also 
?om  the  duodenal  mucosa,  on  injection  ravenous  y,  increases  tl^ 
output  of  enzymes.  Vagal  stimulation  also  increases  the  output  of 

^”l4n^reatic  function  can  be  studied  directly  by  quantitative  .estima¬ 
tion  of  throitput  of  fluid,  bicarbonate,  and  enzymes  obtained  1^7 

indirect  methods  are  more  often  used,  these  may  oe  aiv 

0/ 

pancreatitis  or  when  the  pancrea  ‘  I*.  ,  .  stream  and  be  found  in 

lipase  may  be  absorbed  into  the  portal  blood  ^|«ani  an^  pancreatitis 

increased  quantities  in  the  periphera  „  are  less  frequently 

and  carcinoma  of  the  pancreas  f  the  sensitivity  of 

raised,  but  attempts  have  been  ■  the  gland  and  thus 

the  tests  in  these  diseases  by  amylase  in  most 

increasing  the  output  of  the  enzynms  amylaselTncreased. 
conditions  is  increased  when  the  se  ((efleiency  evidence  of 

(6,  Study  of, ^  ''TLdsJuT^rbe  obftiiL  from  the  stools, 
impaired  digestion  of  foodstuffs  n  y  nitrogen.  Quantitative 

which  become  fatty  and  nitrogen  in  the 

estimation  of  the  ^  given  a  standard  diet  eontaining 

feces  are  made  when  the  patient  is  gnen 

known  amounts  of  fat  and  protein. 
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EXAMINATION  OF  DUODENAL  CONTENTS  FOLLOWING 
STLMULATION  OF  THE  PANCREAS 

The  secretory  powers  of  the  pancreas  can  be  studied  by  collecting 
duodenal  contents  after  an  injection  of  secretin.  For  this  purpose 
Agren  and  Lagerlbf  (1936  ;  see  also  Lagerlof,  1939,  1942)  use  a  tube 
with  a  double  lumen,  one  part  of  which  is  10  inches  longer  than  the 
other.  The  end  of  the  shorter  tube  is  in  the  stomach,  that  of  the 
longer  tube  in  the  duodenum. 

Insertion  of  the  Tube  and  Collection  of  Specimens  (Lagerlof,  1942). 
With  the  patient  in  a  sitting  position  place  the  end  of  the  tube  at  the 
back  of  the  tongue.  Press  this  with  a  spatula  so  that  the  end  enters 
the  oesophagus.  Push  the  tube  down  into  the  stomach,  which  is 
entered  at  45  to  50  cm.  from  the  teeth.  At  70  cm.  the  end  will  reach 
to  the  region  of  the  pylorus.  Place  the  patient  on  the  right  side  and 
introduee  a  further  10  cm.  The  time  required  for  the  tube  to  pass 
through  the  pylorus  may  be  anywhere  from  a  half  to  several  hours. 
When  in  position,  clear,  alkaline  bile-stained  juice  should  be  obtained 
from  the  duodenal  tube,  and  juice  free  from  bile  from  the  portion  of 
the  tube  in  the  stomach.  X-rays  can  be  used  to  confirm  the  position 
of  the  tube.  Duncan  et  al.  now  use  radio  opaque  tubes  and  pass 
under  fluoroscopic  control.  This  is  usually  easier  and  less 
uncomfortable  for  the  patient. 

1  lace  the  patient  comfortably  in  an  arm-chair  or  propped  up  in 
bed.  Using  a  water  vacuum  pump,  apply  continuous  suction,  kept 
constantly  at  .0  to  30  mm.  Hg  by  means  of  a  mercury  trap  which 

n  ir  “"'i  ‘his-  ‘’ollect  the  duodenal  juice 

Al,  contaimug  glycerol.  Shake  now  and  then  to  mi.x 

An  amoiiiit  of  glycerol  equal  to  the  volume  of  juice  is  used  to  preserve 

net  o-'''}  Remove 'saliva  coutiu3v  by 

suctio  n  from  the  mouth.  Use  a  dose  of  one  clinical  unit  of  secretin 

IX' Tri! - 

i"iiZart:'m“  oAtbiL  ducts': 


Bicarbonate. 


Examination  of  Specimens 


aihali  teserve-iseJJra^^la^t'ii^r  tS  i 
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method  Lagerlof  measures  the  bicarbonate  by  indirect  titration 
with  hydrochloric  acid.  Add  10  ml.  of  N/10  hydrochloric  acid  to 
5  ml.  of  duodenal  contents,  boil,  cool,  and  titrate  with  N/10  sodium 
hydroxide  using  phenolphthalein  as  indicator.  The  difference 
between  the  volume  of  acid  added  and  the  volume  of  alkali  used 
gives  a  measure  of  the  amount  of  bicarbonate  present.  Express  the 
result  in  terms  of  milli-equivalents  (see  p.  347). 

Bilirubin.  Meulengracht’s  method  can  be  used.  Dilute  the 
duodenal  juice  with  0-9  per  cent,  sodium  chloride  until  it  matches  a 
1  in  10,000  solution  of  potassium  dichromate  as  described  for  deter¬ 
mining  the  icteric  index  of  serum  (p.  230). 

Determination  of  the  Lipase  Activity  of  Duodenal  Contents 

La^rlof  used  a  viscosimetric  method,  but  the  American  workers 
have^mainly  used  the  method  of  Cherry  and  Crandall  (1932)  as 
modified  bv  Comfort  and  Osterberg  (1934),  given  l^ter  for  blood 
n  ^41  Diamond  and  his  co-workers,  whose  figures  are  given  later 
Ifsed  duodenal  juice  diluted  1  in  10,  otherwise  proceeding  as  described 

for  blood. 

■  ”*‘*1°*'  “u  nff  and  at  80°  C.  and  the  increase  in  carboxyl  groups 
juice  at  a  pH  °f  9  ““  potassium  hydroxide.  Ninety  per  cent, 

determined  by  titration  wi  i  ,  .  properties  of  the  ammo 

alcohol  is  added  m  done  directly.  , 

groups  are  suppr^se  Shake  30  grams  of  casein 

^  Reagents,  l.  Casein  solution  8  Then  add  20  ml. 

irth7rSrig“er'5or“the  of“  nt™al  ammonium 

chforrs^ut^rd  no“lir.moL:rnd  add  tOO  ml.  ot  distilled 

'tr  N/tO  alcoholic  Potas^^^^^^^^^^^ 

^^T^Ethyl  alcohol,  95  per  cent.  flnoVc  and  measure  into  each 

88  ml.  of  95  per  cerit.  alcohol,  8  1.  ^  ^  glycerol,  kept  in  the 

Measure  2  ml.  of  duodena  3  .1  pipette  to  dram  thoroughly- 

refrigerator)  into  a  test  tube,  al  g  .j- C.  and  five  and  a  half 
Placl  the  tube  in  a  water  bath  at  30  ^  t  u 

Zutes  later  add  2  ml.  of  bo,««  Exactly  twenty 

seconds  add  8  ml.  of  oaso'^johitio  ^  ^  t  ,nto 

SUX“'. *.  vs  "Z'f  .i- a 
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buffer,  and  casein  in  the  other  flask.  Titrate  both  flasks  with  the 
potassium  hydroxide  to  the  first  appearance  of  a  blue  colour.  Add 
72  ml.  of  boiling  95  per  cent,  alcohol  to  each  flask.  The  blue  colour 
disappears.  Continue  the  titration  to  the  same  colour  m  both  flasks. 
The  difference  between  the  two  titrations  gives  a  rneasure  of  the 
amount  of  tryptic  activity.  For  satisfactory  results  it  is  necessary  to 

work  rapidly.  ^  ^  u  . 

Calculation.  Units  of  trypsin  are  related  to  the  difference  between 

the  ml.  titration  of  test  and  the  ml.  titration  of  blank,  as  follows  : 


Ml.  N/10 
potassium 
hydroxide 

Units 

trypsin 

Ml.  X/10 
potassium 
hydroxide 

Units 

trypsin 

.  Ml.  N/10 
potassium 
hydroxide 

Units 

trypsin 

0-10 

0037 

0-80 

0-335 

1-50 

0-78 

0-20 

0075 

0-90 

0-385 

1-60 

0-87 

0-30 

0115 

1-00 

0-44 

1-70 

0-97 

0-40 

0-157 

1-10 

0-50 

1-80 

1-07 

0-50 

0-200 

1-20 

0-56 

1-90 

1-18 

0-60 

0-245 

1-30 

0-63 

2-00 

1-28 

0-70 

0-290 

1-40 

0-70 

Gowenlock’s  Method  (Gowenlock,  1953) 

Gowenlock  has  devised  a  method  similar  to  that  of  Hunt  for 
pepsin,  using  denatured  dried  serum  proteins  as  substrate  and 
measuring  the  amount  of  activity  by  means  of  the  colour  given  with 
Folin  and  Ciocalteu’s  reagent.  This  method  is  preferred  to  the  above 
Lagerldf  method. 

Reagents.  1.  Trichloracetic  acid,  6  per  cent,  (w/v)  solution. 

2.  Substrate.  Dissolve  4  grams  of  dried  serum  in  100  ml.  of  N  100 
sodium  hydroxide  in  a  flask  plugged  with  cotton  wool.  The  pH  is 
approximately  10.  Immerse  in  boiling  wnter  for  ten  minutes.  Cool 
to  room  temperature  under  running  water  and  filter  through  cotton 
wool.  Add  one  quarter  of  its  volume  of  ammonium  chloride — 
ammonia  buffer  prepared  by  adding  enough  ammonia,  S.G.  0-88,  to 
bring  a  molar  ammonium  chloride  solution  to  pH  9-5. 

3.  N/4  sodium  hydroxide. 

4.  Folin  and  Ciocalteu’s  reagent  (see  p.  310). 

5.  Standard  phenol  solutions  containing  10,  20,  30,  40,  50,  60,  and 
70  mg.  per  litre  of  N/1,000  hydrochloric  acid. 

tubes,  (1)  and  (2)  containing  5  nd.  of 
buffered  substrate,  (3)  and  (4)  containing  10  ml.  of  6  per  cent,  tri¬ 
chloracetic  acid.  Bring  these  and  the  duodenal  iuice — fflvcerol 
mixture  (50  per  cent,  v/v)  to  37°  C.  in  a  wnter  bath.  At  zero  time 
add  1  ml.  of  juice  to  (1)  and  thirty  seconds  later  add  1  ml.  of  iuice 
to  tube  (4).  Mix.  After  fifteen  minutes  incubation  mix  (1)  and  (3) 
the  test,  and  (2)  and  (4)  the  control,  pouring  the  contents  backwards 
mid  forwards  in  order  to  mix  thoroughly.  Leave  in  the  bath  for 
lour  to  five  minutes.  Filter  through  a  12-5  cm  No  1  Whatman 
paper  (reHlter  througl.  a  No.  80  ii^hc  Hltrate  a  iittlc  clou^". 
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Measure  2  ml.  of  the  filtrate  into  a  100  ml.  conieal  flask  eontaining 
20  ml.  of  N/4  sodium  hydroxide,  mixing  whilst  running  in.  Follow 
with  1  ml.  of  Folin  and  Ciocalteu’s  reagent.  After  thirty  minutes 
read  the  intensity  of  the  blue  eolour  in  the  photoelectrie  colorimeter 
using  a  red  filter  or  transmission  at  680  millimicrons.  The  difference 
between  the  test  and  the  control  gives  a  measure  of  the  tryptic 
activity.  Prepare  a  standard  curve  by  using  2  ml.  of  the  standard 
phenol  solutions  instead  of  2  ml.  of  the  protein-free  filtrate.  One 
unit  of  tryptic  activity  is  present  when  1  ml.  of  the  juice-glycerol  mix¬ 
ture  gives  a  protein-free  filtrate  with  a  chromogenic  activity  equal 
to  that  of  a  phenol  solution  containing  1  mg.  of  phenol  per  litre. 

Gowenlock  found  that  1  Lagerlof  unit  by  the  previous  method 
corresponds  to  70 -5  units  by  his  method. 


X-ray  Film  Method  (Gordon  et  al.,  1952  ;  Harrison,  1947) 

It  will  be  convenient  to  include  this  useful  approximate  method 
here.  Prepare  serial  dilutions  of  duodenal  juice  as  follows.  Place 
0-2  ml.  of  1  per  cent,  crystalline  sodium  carbonate  solution  in  each 
of  twelve  test  tubes.  Add  0-2  ml.  of  juice  to  the  first.  Mix  well  and 
transfer  exactly  0-2  ml.  to  the  second  tube,  and  so  on  to  tube  six. 
To  the  seventh  tube  add  0-2  ml.  of  duodenal  juice  diluted  1  in  64  with 
the  carbonate  solution,  and  proceed  as  before.  Then,  beginning  with 
the  highest  dilution,  place  a  drop  of  each  mixture  on  to  an  X-ray 
film,  delivering  this  in  such  a  way  that  each  drop  occupies  the  same 
area  of  film.  Place  1  drop  of  the  carbonate  on  as  a  control.  Put 
the  film  into  a  covered  Petri  dish  which  contains  a  moist  pad  of  cottmi 
wool  to  prevent  drying,  and  incubate  for  thirty  minutes  at  37  C. 
Transfer  to  the  freezing  chamber  of  the  refrigerator  for  twenty 
minutes.  Then  wash  the  film  in  cold  water.  Digestion  is  sliown  by  a 
clear  translucent  area,  whereas  there  is  no  change  other  than  some 
roughness  where  there  has  been  no  digestion.  Read  the  highest 
dilution  which  shows  a  completely  translucent  area. 

This  method  is  useful  for  examining  duodenal  juice  obtained  trom 
children.  Normal  juice  showed  digestion  up  to  tube  (6)  or  beyond 
whereas  in  fibrocystic  disease  of  the  pancreas  digestion  did  not 

^^Applicatllon'^to^Faeces.^  This  technique  can  be  used  to  show  the 
oresence  of  trypsin  in  the  stools.  Make  a  suspension  of  faeces  m  the 
Carbonate  soluGon  of  1  in  4,  and  put  up  serial  dilutions  as  described 

above. 

Determination  of  Amylase  in  Duodenal  Contents 

Method  of  Norby  (1935)  adapted  by  Lagerlof  , 

StarS  is  dig^^^  the  amount  of  maltase  formed  is  estimated 

bv  the  blood  sugar  method  of  Hagedorn  and  Jcnsei  . 

250  ml.  of  a  phosphate  buffer  prepare  y  q  ^  ^  15 

of  M;15  disodiuiu  hydrogen  phosphate,  Na.Hl 
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potassium  dihydrogen  phosphate,  transfer  to  a  500  ml.  flask  and 
make  up  to  the  mark  with  water. 

3.  N  10  sodium  hydroxide. 

4.  Alkaline  potassium  ferricyanide.  Dissolve  8-3  grams  of 
potassium  ferrievanide  and  10'6  grams  of  anhydrous  sodium  carbonate 
in  water  and  make  up  to  500  ml.  This  solution  is  N/20. 

5.  Acetic  acid,  50  per  cent.  (v/v). 

6.  Iodide,  chloride,  sulphate  solution.  Twenty-five  grams  potas¬ 
sium  iodide,  250  grams  sodium  chloride,  50  grams  of  zinc  sulphate, 
ZnS04,  TllgO,  per  litre  (see  p.  40). 

7.  N  20  sodium  thiosulphate. 

8.  Starch  indicator. 

Technique.  Dilute  the  duodenal  juice  with  1-5  per  cent,  sodium 
chloride  to  1  in  800  or  1  in  400  (usually  the  latter  for  the  second  and 
third  specimens).  Measure  2  ml.  of  the  diluted  juice  into  a  test  tube 
(Hagcdorn  tube)  and  heat  for  eight  minutes  at  37°  C.  in  a  water  bath. 
Noting  the  time,  add  2  ml.  of  the  starch  solution,  also  previously 
warmed  to  37°  C.  After  exactly  fifteen  minutes,  pipette  2  ml.  into 
a  tube  containing  1  ml.  of  N/10  sodium  hydroxide.  This  stops  the 
digestion.  Add  2  ml.  of  alkaline  potassium  ferricyanide  and  12  ml. 
of  distilled  water  and  place  in  a  boiling  water  bath  for  twenty  minutes. 
Cool  immediately  to  room  temperature,  add  2  ml.  50  per  cent,  acetic 
acid  and  10  ml.  of  the  iodide,  chloride,  zinc  sulphate  solution.  After 
at  least  three  minutes,  titrate  with  N/20  sodium  thiosulphate.  As  a 
control,  measure  1  ml.  of  N/10  sodium  hydroxide  into  a  similar  tube, 
add  1  ml.  of  diluted  duodenal  juice  and  1  ml.  of  the  warmed  starch 
solution,  and  proceed  as  described  for  the  test. 

Calculation.  The  difference  between  the  two  titrations  shows  how 
much  N/20  potassium  ferricyanide  has  been  reduced  by  the  maltose 


Table  XV. 

Conversion  of  ml.  A  /20  K ^Fe{CN)Q  into  units  Amylase  per  ml.  of 
_  J^uodenal  .Juice,  using  a  1  in  1,000  Dilution 


Ml.  X/20  ferricyanide 

Units  per  ml. 

0  05 

0-43 

010 

0-86 

015 

1-28 

0-20 

1-72 

0-25 

215 

0-30 

2-60 

0-35 

3  06 

0-40 

3-53 

0-45 

4  00 

0-50 

4-47 

0-55 

4-96 

0-60 

5-46 

0-65 

5-97 

0-70 

6-49  . 

Ml.  N/20  ferricyanide 

Units  per  ml. 

0-75 

701 

0-80 

7-56 

0-85 

8*10 

0-90 

8-65 

0-95 

9-21 

1  00 

9-81 

105 

10-41 

1-10 

11-03 

115 

11-63 

1-20 

12-26 

1-25 

12-90 

1-30 

13-55 

1-35 

14-23 

1*40 

14-92 

(From  Acta  medica  Scandinavica,  Dr.  Lagerlof.) 
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formed.  From  this  volume  the  units  of  amylase  per  ml.  of  duodenal 
juice  are  calculated.  One  ml.  of  the  ferricyanide  equals  2-15  mg.  of 
maltose,  and  is  equivalent  to  1  ml,  of  N/2()  thiosulphate. 

Make  the  necessary  adjustment  in  the  calculation  if  a  different 
dilution  is  used. 


INTERPRETATION 

The  ranges  obtained  in  normal  cases  are  as  follows  (see  Diamond 
and  co-workers,  1939,  1940,  1941  ;  Comfort  and  Osterberg,  1941  ; 
Dornberger  et  al.,  1948  ;  see  also  Howat,  1952)  : 

Volume  .  .  .130  to  250  ml.  (21  to  4-5  ml.  per  kg.  per  hour). 


Bicarbonate 
Amylase . 
TrviJsin 
Lipase 


90  to  130  milli-equivalents. 

250  to  1,200  units  {5-5  to  11  units  per  kg.  per  hour). 

20  to  40  units  (0-35  to  0-7  units  per  kg.  per  hour). 

7,000  to  14,000  units  (135  to  225  units  per  kg.  per  hour). 


The  rise  in  bicarbonate  concentration  is  roughly  proportional  to  the 
increase  in  the  rate  of  secretion  although  it  occurs  a  little  later, 
whereas  the  opposite  is  the  case  with  the  enzymes  whose  concentra¬ 
tion  varies  inversely  with  the  rate  of  secretion.  The  curves  of 
enzyme  secretion  are  roughly  parallel  with  each  other.  In  consi¬ 
dering  the  results  it  is  necessary  to  calculate  the  actual  amounts 
secreted  from  the  concentration  and  the  total  volume. 

Whereas  the  volume  of  juice  and  the  amount  of  bicarbonate 
produced  is  proportional  to  the  amount  of  secretin  given,  the  amounts 

into  two  groups  though 

‘"f  TSffn  Wetbonra"  either  points  to  duet  obstruc¬ 
tion  or  shows  a  reduction  in  the  amount  of  secreting  tissue  such  as 
may  occur  in  acute  necrosis  or  malignant  growth  of  the 
'PIi  J  fall  in  volume  may  not  be  so  marked  m  pancreatitis  since  g 
w'rdSr  funrtioTmay  b^e  impaired  -d  to 

dissociated  findings  are  obtained.  Vol  d  b  ^ 

'-i  •«—  - 

appears  to  be  normal  in  the  majority  of  cases. 

,,STS  BASED  ON  " 

Determination  of  Serum  Amylase 

I  Saccharogenic  Method  of  Somogyi(Somopi,  1988) 

Serum’ is  incubated  befor  e  Ind  "XT  the 

-Sir” 

activity  of  the  serum. 
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Reagents.  1.  Starch  solution.  Suspend  for  about  an  hour,  with 
frequent  shaking,  100  grams  of  starch  in  a  litre  of  approximately 
N/lOO  hydrochloric  acid.  Allow  to  settle,  pour  off  the  acid  and  add 
a  litre  of  0  05  per  cent,  sodium  chloride  solution.  Stir  well,  allow  to 
settle,  decant,  and  repeat  the  washing  with  the  salt  solution.  Then 
spread  out  the  starch  and  allow  it  to  dry  in  air. 

Grind  thoroughly  1-5  grams  of  this  washed  starch  in  a  mortar  with 
a  few  ml.  of  water  and  add  to  about  70  to  80  ml.  ol  boiling  water. 
Rinse  out  the  mortar  with  a  few  ml.  portions  of  water  and  add  to  the 
boiling  starch  solution.  Boil  for  about  a  minute  after  the  last  addi¬ 
tion  of  water  and  then  heat  in  a  water  bath  for  fifteen  to  thirty 
minutes  keeping  the  mouth  of  the  flask  covered  with  an  inverted 
beaker.  Allow  to  cool  and  make  up  to  100  ml.  with  water.  This 
solution  will  keep  for  a  few  days  in  the  refrigerator.  Make  it  up 
freshly  at  frequent  intervals. 

3.  Aeidified  sodium  ehloride  solution.  Dissolve  10  grams  of 
sodium  chloride  in  water,  add  3  ml.  of  N/10  hydrochloric  acid,  and 
make  up  to  a  litre  with  water. 

3.  Copper  sulphate,  5  per  cent.  (CUSO4,  SHgO)  solution. 

4.  Sodium  tungstate,  6  per  cent.  (Na2W04,  2H2O)  solution. 

5.  Somogyi’s  high  alkalinity  copper  reagent.  A  high  alkalinity  is 
used  because  maltose  has  a  lower  reducing  power  than  glucose. 
Dissolve  25  grams  of  anhydrous  sodium  carbonate  and  25  grams  of 
Rochelle  salt  in  about  600  ml.  of  water,  add  40  ml.  of  normal  sodium 
hydroxide,  followed  by  6  grams  of  copper  sulphate  (CUSO4,  5II2O) 
dissolved  in  about  100  ml.  of  water  and  added  with  constant  stirring. 
Then  add  5  grams  of  potassium  iodide  and  15  ml.  of  normal  potassium 
iodate  and  shake  well.  When  dissolved,  make  to  1  litre  and  mix. 

6.  Sulphuric  acid,  5  N. 

7.  N/200  sodium  thiosulphate.  Prepare  freshly  for  use  from  stock 
N  10  solution. 


8.  Starch  solution  as  indicator. 

Technique.  Pipette  5  ml.  of  the  starch  solution  and  2  ml.  of  the 
sodium  chloride  solution  into  each  of  three  test  tubes.  Place  two 
of  these  in  a  water  bath  at  40°  C.  for  a  few  minutes  to  warm  up  and 
then  to  one  add  1  ml.  of  serum  (the  test),  and  to  the  other  1  ml.  of 
water  (the  water  blank).  Then  incubate  for  thirty  minutes.  For 
the  serum  blank  add  1  ml.  of  serum  to  the  third  tube  followed 
immediately  by  1  ml.  of  5  per  cent,  copper  sulphate  solution  and 
1  ml.  of  sodium  tungstate.  At  the  end  of  the  half  hour’s  digestion 

Sionf ^  1  each  of  the!e  same 

solutions.  Stai  d  for  a  few  minutes  and  tlien  centrifuge.  Filter  the 
supernatant  fluids  through  small  filter  papers.  ® 

Conner  TdiuHnr^  ‘i’’®  f  pe™afant  fluids  add  5  ml.  of  the  alkaline 

rr  ^oVs^ 
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addition  of  thiosulphate  so  as  to  prevent  possible  overshooting  of  the 
end-point.  Titrate  5  ml.  of  the  eopper  reagent  after  adding  1  ml.  of 
the  sulphuric  acid,  adding  starch  for  the  end-point.  About  15  ml. 
are  required. 

Calculation.  The  content  of  reducing  substance  in  the  three 
titrations,  expressed  as  glucose,  is  read  from  Table  XVI  and  the 
amylase  calculated  as  follows  : 

Table  XVI 

Determination  of  Serum  Amylase.  Somogyi  Saccharogenic  Method 


Mg.  glucose  per  100  ml. 


Ml.  N/200 
Na,SjO, 

0 

01 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 

0 

_ 

18 

22 

26 

29 

32 

35 

1 

39 

42 

45 

48 

52 

55 

58 

61 

65 

68 

O 

71 

74 

78 

81 

84 

87 

90 

93 

96 

99 

3 

102 

106 

109 

112 

115 

118 

121 

124 

127 

130 

4 

133 

137 

140 

143 

146 

149 

152 

155 

158 

161 

164 

168 

171 

174 

177 

180 

183 

186 

189 

192 

3 

195 

199 

202 

205 

208 

211 

214 

217 

•  220 

223 

7 

226 

229 

232 

235 

238 

241 

244 

247 

250 

253 

256 

260 

263 

266 

269 

272 

275 

278 

281 

284 

9 

10 

11 

12 

13 

14 

15 

16 

287 

290 

293 

296 

299 

302 

305 

308 

311 

Jll*! 

317 

348 

379 

410 

441 

472 

502 

321 

352 

383 

414 

445 

475 

506 

324 

355 

386 

417 

448 

478 

509 

327 
358 
389 
!  420 
451 
481 
512 

330 

361 

392 

423 

454 

484 

515 

333 

364 

395 

426 

457 

487 

518 

336 

367 

398 

429 

460 

490 

339 

370 

401 

432 

463 

493 

342 

373 

404 

435 

466 

496 

345 

376 

407 

438 

469 

499 

Serum  amylase  in  units  per  100  ml. 

=  Mg.  glucose  per  100  n,l.  test  -  mg.  glucose  per  100  ml.  serum 
blank  —  mg.  glucose  per  100  ml.  water  blank. 

The  water  blank  should  be  negligible. 

Notes.  1.  For  values  over  300  units  per  100  ml.,  dilute  the  serum 
with  ^9  per  cent.  “;f/Xfe!''the“most  satisfactory  type  of 

atd  trf;FopS7fon.«  digestion  time  so  as  to  compensate  for 

““.‘’xhe  method  can  be  -'^‘^tlrgrvm.trli^r  (sJe  Cl,"h 
“uTdstould  be  noted  t'hft  slightly  different  results  may  be  obtained 

with  other  alkaline  ^^^fi^rmethod  (p  39)j 

As  an  exaniple,  with  Maclean  tl^  d^(p.^^  acidified  sodium 

starch  solution  preparec  Immediately  withdraw  1-6  ml.  and 

;KV.":.“  It  3"«'  — '3U 
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the  remainder  for  thirty  minutes,  and  then  again  transfer  1-6  ml.  to 
22-4  ml.  sodium  sulphate.  Bring  each  of  these  to  the  boil,  add 
dialyzed  iron  and  carry  out  the  determination  as  previously  described. 
The  differenee  between  the  two  results  gives  the  serum  amylase  in 
units  per  100  ml.  of  serum.  Again,  when  titrating  run  the  thio¬ 
sulphate  in  slowly  whilst  shaking  vigorously. 

Normal  Range.  This  was  given  by  Somogyi  as  80  to  180  units  per 
100  of  serum,  but  it  has  been  found  to  be  lower  than  this  by  some 
workers,  for  example  Andersch  (1946),  and  this  has  been  the  author’s 
experience.  A  range  of  from  40  to  120  is  suggested. 


II.  Somogyi’s  Iodine  Test  Method  (Somogyi,  1938) 

The  time  required  for  the  complete  digestion  of  a  certain  amount 
of  starch  is  determined  by  periodic  testing  with  iodine. 

Reagents.  1.  Starch  Solution.  This  contains  75  mg.  of  starch  and 
250  mg.  of  sodium  chloride  per  100  ml.  of  solution.  Prepare  a  stock 
solution  from  1-5  grams  of  starch  as  described  above,  adding  10  ml. 
of  2-5  per  cent,  sodium  chloride  solution  before  finally  making  up  to 
100  ml.  with  water.  Dilute  5  ml.  of  this  to  100  ml.  with  0-25  per  cent, 
sodium  chloride  to  obtain  the  solution  for  use. 

2.  Iodine  Solution.  0  002  N  aqueous  iodine.  Dilute  10  ml.  of 
O'l  N  iodine  to  500  ml.  with  2  per  cent,  potassium  iodide. 

Technique.  Pipette  4  ml.  of  the  starch  solution  (containing  3  mg. 
starch)  into  a  test  tube  which  is  placed  in  a  water  bath  for  a  few 
minutes  so  as  to  reach  37°  C.  Add  1  ml.  of  serum  and  start  the  stop- 
watch.  Place  0-5  ml.  portions  of  the  iodine  solution  in  test  tubes 
After  five  minutes  incubation  withdraw  0-5  ml.  of  the  mixture  and 
add  to  one  of  these  test  tubes.  Withdraw  further  0-5  ml.  portions  at 
intervals  of  two  minutes  and  add  to  further  portions  of  iodine. 
Continue  this  until  the  red-brown  colour  of  ervthrodextrin  is  seen 

nfT  of  purple.  Vvith  experience  the 

gth  of  time  to  be  allowed  between  successive  testings  can  be 
assessed  aiid  the  number  reduced  and  the  time  between  the  last  two 
narrowed  down.  It  is  often  possible  to  reduce  the  quantities  of 
starch  solution  and  serum  to  2  ml.  and  O-S  ml.  respectively  If 
‘•;g“tion  IS  complete  on  the  first  test  the  serum  should  be  ddutcd 

"  Srciktr.  "  Thetrni‘r^°'‘'’ 

Serum  amylase  (units  per  100  ml.)  =  is  ^sed. 

t  =  the  time  required  for  the  digestion  ^ 

if  :  dUnirouTs^s'er  fm"  xa,‘.!ple™iiTn^^^^  it  -“d"!?^’ 

units  per  100  ml.  serXi  ’  ^  80  to  180 


amounts  ofitarch  sokitbrrre  aildecfto  s  "Tirr'  • 

after  digesting  for  a  fixed  time  iodt\raS\ttrtre:  ^1':;,  the 
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tube  in  which  complete  digestion  has  just  occurred  as  in  the  method 
for  urine  given  below.  Huggins  and  Russell  (1948)  use  a  colorimetric 
method  which  measures  the  amount  of  blue  colour  given  with  iodine 
bv  the  starch  remaining  after  the  digestion.  This  method  has  been 
niodified  by  van  Loon,  Likins,  and  Seger  (1952).  A  viscosimetric 
method  has  also  been  used  (see  Somogyi,  1938). 

Determination  of  Urinary  Amylase  (or  Diastase) 

Both  saccharogenic  method  and  the  Wohlgemuth  technique  have 

been  applied  to  urine. 


The  Wohlgemuth  Method 

This  method  is  essentially  that  of  Harrison  (1947). 

Reagents.  1.  Stock  starch  solution.  This  contains  2  grams  of 
starch  and  10  grams  of  sodium  chloride  per  100  ml.  of  solution. 
Make  2  grams  of  starch  into  a  paste  with  a  few  ml.  of  water  and  pour 
into  about  60  ml.  of  boiling  water,  washing  in  the  starch  with  portions 
of  a  few  ml.  of  water.  Add  10  grams  of  sodium  chloride  and  dissolve. 
Cool,  transfer  to  a  100  ml.  volumetric  flask  ai^  make  up  to  the  mark^ 
2.  Starch  solution,  0-1  per  cent.,  for  use.  Dilute  5  ml  of  the  stock 
solution  to  100  ml.  with  water.  This  solution  should  not  be  kept  fo 

'^'3^^ApproximItdy^N750  iodine  solution.  Prepare  by  diluting  a 

small  amount  of  N/10  iodine  1  in  5.  ,  •  ^  -j  4. 

Technique.  .Adjust  tlie  pll  of  the  urine  so  as  to  be  just  acid  to 

tfhtf ^rf  to‘aK  natJ  ^i^th 

saliva  (salivary  amylase) : 


Tube 

Diastatic  index 
Ml.  urine 
Ml.  water 


Tube  . 

Diastatic  index 
Ml.  of  urine  (1  in  10). 
Ml.  of  water  . 


6 

20 
10 
0  0 


7 

28-0 

0-7 

o:i 


• 

1 

o 

2 

4 

3 

0-7 

4 

10 

o 

14  3 

10 

0-5 

0-5 

0  3 

0-2 

014 

• 

0  0 

0-7 

0-8 

0-86 

. 

8 

40 

0-5 

0  a 

9 

50 

0-4 

OO 

10 

07 

0  3 
0-7 

11 

100 

0-2 

0-8 

12 

133 

015 

0-85 

13 

107 

0  12 
0-88 

■  1  l„  with  a  1  in  100  dilution  of  urine  if 

Continue  similarly  u  itn  a  solution  to  each 

necessary.  Add  2  ml.  of  the  Od  P"  c.  for  thirty 

tube  ami  |>laec  i,.,!],  place  the  tubes  immediatciv 

iiiiniites.  On  removing  ,  „  Then  set  them  up  in  a  rack  and 

in  cold  water  for  a  minute  oi  Uv  ^  1  ^  observe 
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of  urine  which  does  not  give  any  blue  colour  is  noted.  Ihis  tube  may 
show  a  reddish  colour  due  to  the  presence  of  erythrodextrin. 

Calculation.  The  diastatic  index  is  defined  as  the  number  of  ml.  ot 
0-1  per  cent,  starch  digested  by  1  ml.  of  urine  at  37°  C .  in  thirty 
minutes.  This  is  given  bv  the  formula 

2 _ 

Diastatic  Index  =  volume  of  urine  not  giving  a  blue  colour. 

Thus  if  tube  11  is  the  first  to  show  a  blue  colour  with  iodine,  the  least 
amount  of  urine  just  able  to  digest  2  ml.  of  0-1  per  cent,  starch  is  that 
in  tube  10,  that  is  0-3  ml.  of  1  in  10  urine  or  0-03  ml.  of  urine.  Hence 

2  200 

Diastatic  Index  =  =  —  =  67  units. 

0*Uo  o 

The  dilution  of  the  urine  is  continued  until  a  point  is  reached  at  which 
digestion  is  incomplete.  With  high  values  of  the  diastatic  index  it 
may  be  necessary  to  use  1  in  100  urine  and  even  1  in  1,000  occasionally. 

Note.  The  estimation  is  carried  out  on  a  twenty-four-hour  speci¬ 
men  of  urine  which  may  be  preserved  with  a  little  toluene,  except  in 
the  case  of  patients  suffering  from  acute  abdominal  conditions,  when 
the  test  is  urgent  and  is  done  on  a  single  specimen  of  urine. 

Normal  range.  The  urine  amylase  or  diastase  normally  corre¬ 
sponds  to  a  diastatic  index  from  5  to  20  units.  This  applies  to 
twenty-four-hour  specimens.  If  a  single  specimen  of  urine  is  used 
wider  normal  variations  are  found  and  may  reach  to  about  50  units 
with  more  concentrated  urines. 


SERUM  AND  URINE  AMYLASE  INTERPRETATION 

Variations  in  urinary  amylase  reflect  alterations  in  serum  amylase 
so  long  as  the  kidneys  are  functioning  normally.  In  renal  disease 
serum  amylase  may  be  increased  and  urine  amylase  be  low. 

Considerable  increases  in  both  are  seen  in  acute  pancreatitis.  In 
Somogyi  units  the  serum  amylase  may  exceed  1,000  units  per  100  ml 
whilst  the  urinary  diastatic  index  in  the  above  Wohlgemuth  units 
may  exceed  1,000  units.  The  increase  reflects  the  absorption  of 
enzyme  released  m  the  interstitial  tissue  of  the  pancreas,  in  the  early 
stages  of  the  disease.  There  is  often  a  rapid  fall  to  normal  levels 
which  may  be  reached  again  within  a  few  days.  For  example,  the 
iollowing  figures  were  obtained  by  the  author  on  successive  davs  in 
a  case  of  acute  pancreatitis,  1,100,  465,  165,  units  tier  100  ml  *This 
does  not  necessarily  indicate  that  the  attack  is  subsiding,  since  it  mav 
be  due  to  destruction  of  active  secreting  tissue.  So  it  is  clearll 

thTr  estimation  as  soon  after  the  onset  as  possible  or 

e  rise  may  be  missed.  Urinary  amylase  also  falls  rapidly  but  the 
urn  to  normal  may  take  a  little  longer  than  with  the  serun/amylase 
In  cl,ron.c  d,. ease  of  the  pancreas,  whether  due  to  neoplasm 
dnet^  pancreatitis  such  marked  increases  are  not  seen.*  Either 

secretiVt?ssuriargdy“oiinferi“ts\ts^ 

re^imrwS'rimr,:*;  ei&rr;’ 
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There  are  a  few  instances  of  other  abdominal  diseases  such  as 
intestinal  obstruction,  acute  peritonitis,  perforated  peptic  ulcer,  in 
which  increases  in  serum  amylase  have  been  observed.  These  do  not 
exceed  500  units  per  100  ml.,  the  majority  rising  to  between  200  and 
300  units.  These  usually  develop  five  to  ten  days  after  the  onset  of 
the  symptoms,  and  appear  to  be  due  to  increased  pressure  on  the 
pancreatic  duct.  (Raffensperger,  1950).  An  increase  may  occur  in 
mumps,  and  in  calculous  disease  of  the  salivary  glands. 

It  is  seen  that  results  over  500  units  per  100  ml.  for  serum  amylase 
are  diagnostic  of  acute  pancreatitis. 

Low  values  of  both  serum  and  urinary  amylase  may  be  present  m 

liver  disease. 


Determination  of  Serum  Lipase 

Several  methods  have  been  published  for  the  determination  of 
serum  lipase,  but  none  is  entirely  satisfactory.  It  is  clear  that  there 
are  two  distinct  types  of  enzyme  which  are  able  to  hydrolyze  esters 
of  fatty  acids.  One,  esterase,  which  occurs  m  liver,  kidney,  blood 
serum,  and  iiancreas,  acts  particularly  on  esters  of  short  chain  latty 
acids.  The  other,  lipase,  exists  almost  solely  m  the  pancreas,  and  is 
able  to  hydrolyze  esters  of  long  chain  fatty  acids  containing  8  to 
carbon  atoms.  Thus  as  substrate  for  lipase,  esters  of  long  chain  fatty 
acids  are  to  be  preferred,  but  even  triolein  (olive  oil)  is 
a  small  extent  by  esterases.  Esters  such  as  tributyrm  are  hydrol>  zed 

Sulrihere  is  some  lack  of  specificity  in  methods 
suggested  for  measuring  lipase  activity.  Triolein  appears  to  e  le 
beft  substrate  though  the  rate  of  hydrolysis  is  slower  than  \\ith  the 
best  sub  _  Methods  using  tributyrm  measure 

unlike  triolein  and  tributyrm  is  miscible  with  water. 

■■  sari; 

rSi-  ">•.  *  » .'-a  is'r 

mixture  per  cent  of  sodium  benzoate  as  preservative, 

acacia  containing  0  2  pe  disodium  hydrogen 

issxiorts*. f-w 

t  "ssa  „  „ ... 

Technique.  I  ipette  •  Place  one  in  a  water  bath  at 

tubes  and  add  1  ml.  f  f  thriTpase';  and  then  cool.  To 

100»  C.  for  five  ‘“buffer  solution  and  2  ml.  of  the  SO  per 

^eiroUrel  emidtm  Shake  well  and  incubate  at  37  t.  lor 
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twenty-four  hours.  Then,  after  adding  3  ml.  of  95  per  cent,  alcohol 
and  2  drops  of  phenolphthalein,  titrate  each  with  N/20  sodium 
hydroxide  to  a  similar  pink  colour.  ^ 

Calculation.  Express  the  result  in  terms  of  ml.  N/20  sodium 
hydroxide  required  to  titrate  the  fatty  acid  liberated.  Then 
Units  lipase  activity  per  ml.  of  serum. 

=  Ml.  titration  of  the  unknown  —  ml.  titration  of  control. 


Normal  sera  are  stated  by  Comfort  not  to  exceed  1-5  units.  Other 
workers  have  given  slightly  different  figures,  and  1-0  unit  has  been 
considered  the  upper  normal  limit.  There  can  be  no  doubt  that 
above  2*0  units  is  pathological,  while  figures  below  1-0  are  normal. 
Values  betw’een  1-0  and  2-0  are  somewhat  equivocal.  The  author 
would  support  the  lower  value  of  1-0  units  as  the  upper  limit  of 
normal.  It  has  been  held  there  is  no  lipase  in  normal  sera. 

Note.  It  is  recommended  that  for  values  above  4  units  the  serum 
should  be  diluted  w'ith  w'ater  or  a  shorter  time  of  digestion  used,  so 
as  to  bring  the  difference  between  the  titrations  to  about  3  ml. 
Make  the  necessary  adjustment  to  the  calculation.  This  procedure 
extends  considerably  the  range  found  in  disease,  since  with  increasing 
amounts  of  lipase  the  enzyme  activity  is  not  proportional  to  time, 
but  tapers  off  markedly  (see  Jaekson  et  aL,  1952).  Values  up  to 
20-30  units  may  be  obtained  in  acute  pancreatitis.  However, 
almost  all  the  published  figures  appear  to  have  been  obtained  using 
1  ml.  of  undiluted  serum  and  twenty-four  hours  ineubation. 


II.  Tributyrin  Method  of  Goldstein  and  Roe  (1942-43) 

Reagents.  1.  Tributyrin. 

2.  laurocholate  emulsifying  agent.  Add  50  grams  of  sodium 

tauroeholate  to  50  ml.  of  water  and  autoelave  at  15  lb.  pressure  for 
two  hours.  Cool.  Add  500  ml.  of  glycerol  and  heat  the  mixture  on 
^  until  a  clear  solution  is  obtained.  Stopper  and  keep  in 

the  refrigerator.  Before  use,  warm  to  60°  to  70°  C.  to  facilitate 
pipetting  and  measuring. 

3.  Barbitone  buffer.  Dissolve  5  grams  of  sodium  barbitone  in 
water  and  make  up  to  1  litre. 

4.  Calcium  acetate  solution.  Dissolve  20  grams  of  Ca(CHXOOi 

HgO  m  water  and  make  up  to  1  litre.  '  ^ 

mixture.  Mix  9  parts  of  alcohol  with  1  part  of 

6.  Alcoholic  potassium  hydroxide,  N/10  solution. 
alcohoh'^'''^^°'’’  1  gm.  per  100  ml.  of  95  per  cent. 

Technique.  Pipette  0-25  ml.  of  the  substrate,  tributvrin,  into  a 
mixture'^^^Sh^f *  ^^n^  ^  tauroeholate-glycerol 
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addition  of  serum.  At  the  end  of  an  hour,  remove,  cool,  and  add 
1  ml.  of  serum  to  the  second  tube.  Pour  each  immediately  into 
250  ml.  flasks  containing  100  ml.  of  the  alcohol-ether  mixture, 
washing  in  with  a  little  more  of  this  mixture.  Add  1  ml.  of  1  per  cent, 
phenolphthalein  and  titrate  both  to  the  same  pink  colour  with  N/10 
alcoholic  potassium  hydroxide. 

Calculation.  The  unit  used  represents  the  amount  of  enzyme 
activity  per  100  ml.  of  serum  which  liberates  fatty  acids  equivalent 
to  1  ml.  N/10  potassium  hydroxide.  Hence 

Units  per  100  ml.  serum  =  (titration  of  unknown  —  titration  of 
blank)  X  100. 

The  normal  range  was  given  by  the  authors  as  35  to  110. 

Notes.  1.  The  substrate  can  be  prepared  more  conveniently  by 
the  use  of  an  homogenizer,  which  gives  a  better  and  more  stable 


^^2.  Tributyrin  is  hydrolyzed  by  esterases,  but  it  has  been  shown 
that  taurocholate  diminishes  the  activity  of  esterases  and  enhances 


“'f  l[  lirecommended  that  blood  should  be  collected  in  the  morning 
about  fifteen  hours  after  food  was  last  taken  by  the  patient. 

4  Simplified  Method  (Goldstein  et  al.,  1948).  Pipette  0-75  m  . 
tribuS  30  ml.  ot  barbitone  buffer,  30  ml.  of  ealeium  acetate 
lolutim,  and  pass  through  a  hand  homogenizer 
.0  ml.  into  two  6X1  inch  test  ^ f  ^ 

""  7ter  add  1  r^l  of  serum  to  the  control  and  add  the  contents  of 
ea°ch  tube  ?o  looll  of  aSol  ether  miyure  and  as  before  titrate 
with  N/20  potassium  hydroxide  using  phenolphthalein. 
unit  is  used. 

other  Methods.  Archibald  (19*6)  “ed  J^Xtrat."*  s/^ceTwi 
alkylene  derivative  of  sorbitan  ^biections  which  can  be 

is  soluble  in  water  it  is  no  ™  1  ^  emulsions  tend  to  break 

Kit  K 

couphng  with  tetrazotized  d>«rthoanisiduie^  Crandall  has  been 

ah^ :xlti’/5;tse?^^  ^-es  for  serum  lipase 

given  in  the  literature  are  m  their  units. 


interpretation  UnaKP  is  increased  in  acute  pan- 

As  with  serum  Cra^tlall  units  have  been  reported, 

creatitis.  Values  up  to  10  Cherry  quickly  than  serum 

It  has  been  stated  that  return  to  nornml  within  two 

amylase,  so  *  '‘*V''‘'”®““7take“  few  days  longer.  This,  however,  s 
to  six  days,  the  lipase  *  increlses  are  not  so  eonimonly 

i^uVif  hTSher;rreaU?'/onditions.  Lipase  has  been  said 
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more  frequently  raised  than  amylase  in  carcinoma  of  the  pancreas  and 
in  carcinoma  of  the  ampulla  of  V'ater.  It  is  increased  in  about  a 
third  of  such  cases  when  admitted  to  hospital.  Serum  lipase  has 
been  reported  to  show  appreciable  increases  in  those  abdominal 
lesions,  perforated  peptic  ulcer,  intestinal  obstruction,  acute  peri¬ 
tonitis,  which  show  increases  in  serum  amylase.  Raffensperger  (1950) 
obtained  values  up  to  6-2  units. 


Determination  of  Serum  Enzymes  after  Stimulation  of  the  Pancreas 

Attempts  have  been  made  to  develop  more  sensitive  tests  to  reveal 
the  presence  of  pancreatic  disease,  by  stimulating  the  pancreas  to 
produce  its  external  secretion  and  then  studying  the  effect  on  the  level 
of  the  serum  enzymes.  Pancreatic  stimulants  used  have  included 
secretin  and  pancreozymin  prepared  from  extracts  of  duodenal 
mucosa,  and  the  vagal  stimulants  mecholyl  and  prostigniine.  This 
type  of  test  can  be  used  in  two  ways  : 

1.  To  show  that  destruction  of  pancreatic  tissue  has  occurred.  In 
such  cases  a  maximum  stimulus  is  required  so  as  to  give  an  appre¬ 
ciable  increase  in  serum  enzymes  in  normal  cases.  Then  a  failure  to 
produce  such  an  increase  would  show  impaired  pancreatic  function. 

2.  To  show  the  presence  of  some  degree  of  obstruction  in  the 
pancreas.  The  most  satisfactory  form  is  that  in  which  the  stimulus 
just  fails  to  produce  an  increase  in  normal  persons,  but  which  will 
produce  one  in  cases  with  pancreatic  disease. 

The  second  of  these  appears  to  be  more  promising.  When  there  is 
a  marked  reduction  in  the  enzyme  secretion  of  the  pancreas,  other 
tests  are  often  abnormal,  such  as  studies  of  the  ficces.  Knight 
Muether  and  Sommer  (1949)  gave  1  mg.  of  prostigniine  methyl 
sulphate  intramuscularly,  and  estimated  serum  amylase  half  hourly 

'“■■'"'‘I  persons 

Ihey  obtained  characteristic  alterations  in  obstruction  of  tlie  duct 
diagnostfc'valuc 

1  lie  use  of  hormonal  stimulation  appears  to  be  more  satisfactorv 
Lopusmak  and  Bockus  (1950)  gave  secretin  and  estLatTd  sen™ 
amylase  and  Ijpase  at  0,  1,  4,  and  24  hours.  In  noma  Les  ™ 

valnTf  T  Pa-'enatitis  witl!  high TnltW 

ues,  and  in  cases  of  acute  pancreatitis  within  ten  weeks  from  tl>e 

“t  o?ten‘T'’  “  founX  An  LZas e 

pancreas  when  th^fasting  levels  were  nonnal.™'* 

intraTeTousInjIctimmf’seCTain^  following 

whilst  no  change  wal  obtaked  pancreozymin  and  found  that 

could  be  obtained  in  some  cases  of  c  sigmlicant  increases 

ill  tlic  early  phases  of  chronk  relafw'  “"“ 

is  in  progress  witli  the  obiect  of  wn*L^  |iancreatitis.  lurtlier  work 
dose  of  ftimuiant  In  this Ivav-  7  s  li®  “u  * I'f  satisfactory 
devised  which  will  give  more  informur'  ®  “a''  'te 

sernm  enzymes.  Limitations  of  this  forin  oaLnS  frerB^Uf 
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that  some  degree  of  obstruction  must  be  present  and  that  there  must 
be  sufficient  functioning  tissue.  Should  there  be  extensive  destruc¬ 
tion  of  secreting  cells,  no  increase  will  be  obtained  even  when  there 
are  widespread  pathological  changes. 


calcium 


EXAMINATION  OF  THE  F^CES 

While  quantitative  analysis  gives  the  most  reliable  indication  of  the 
presence  of  abnormal  fat  and  nitrogen  digestion,  microscopical 
examination  may  give  useful  information. 

Microscopical  Examination  of  Faeces 

Full  microscopical  examination  includes  the  following  : 

1.  Crystals.  Phosphates,  oxalates,  calcium  carbonate, 
sulphate,  cholesterol,  Charcot  Leyden  crystals. 

2.  Pood  residues.  Undigested  and  unabsorbed  foods,  these 
include  fats,  muscle  fibres,  starch  granules,  indigestible  constit¬ 
uents,  such  as  vegetable  cell  residues,  cellulose  fibres  and  connective 

tissue*  • 

3.  Cells,  etc.  Blood  cells,  epithelial  cells,  amceb®,  cysts,  parasites 

and  ova. 

4.  Foreign  bodies,  for  example  hairs. 

Only  the  first  two  groups  will  be  discussed.  For  cells,  ova,  and 
narasites  see  Cammidge  (1914)  and  Stitt  (1948). 

^  For  ordinary  investigation  mix  a  little  of  the  fresh  J^'^^/rind 

on  a  slide,  put  on  a  cover  glass,  and  examine  first  with  the  2/3  and 
then  in  greater  detail  with  the  1/6  objective.  A  second  slide  is  often 
nut  UD  at  the  same  time,  the  ficces  being  mixed  with  a  little  Lugol  s 
mdine  Additional  information  can  be  obtained  by  staining  wi 
this  and  other  stains  and  by  adding  solvents  to  the  material  on  the 

^'frvstals  Triple  phosphate  crystals  are  normal  constituents  of 
Crystals.  ^  P  ‘‘coffin  Hd  ”  shaped  crystals  and  m  less  regular 

rn"oLlr'‘:qaten.  Cr^als  heTelmga^^ 

cSls  ar“dLSbed  uXr  urine  deposits  where  an  aecount  of  their 
more  characteristic  shapes  most  typical  form 

(seffig^lsL  bS  they”w 

Xey  easTly  in  Sorm  and  in  hot  alcohol  but  not  m  cold 
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Fig.  48.  Charcot  Leyden  Crystals. 

They  are,  however,  present  in  other  diseases  and  are  not  characteristic 
of  any  condition. 


sometimes 

crystalline 


be 

or 


Drugs  may 
present  either 
amorphous. 

Fats.  The  different  types  of  fat 
which  are  present  in  faeces  (see 
p.  282)  may  be  distinguished  as 
follows  : 

Neutral  fats  are  seen  as  oily 
globules,  (Fig.  49  {a))  usually 
colourless,  but  if  they  have 


a 


higher  melting  point  they  appear 
as  flakes  which  may  be  stained 
with  bile  pigments.  They  dis¬ 
solve  readily  in  cold  alcohol.  If 
oily  globules  are  present  it  is 
advisable  to  verify  that  the 
patient  has  not  been  taking  liquid 
paraffin.  Sudan  III  in  concen¬ 
trated  alcoholic  solution  stains 
neutral  fats  orange  to  red. 

hatty  Acids  appear  as  colour¬ 
less  needle-shaped  crystals,  (Fiff 
49  (c) )  usually  in  groups,  but 
they  may  occasionally  form 
They  melt  on  heating. 
Sudan  III  stams  the  flakes  but 
not  the  crystals. 

Soaps  form  masses  of  needle- 
shaped  crystals  and  are  also  seen 
as  amorphous  oval-shaped  flakes. 
These  often  have  rolled-over 
e  ges  and  and  are  termed  soapy 
plaques  (Fig.  49  (6) ).  They  do 


(b) 


r 

riG.  49.  Microscopic  Examination  of 
I  wees.  T>i>es  of  fat  present 
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not  dissolve  in  ether  or  alcohol,  which  distinguishes  them  from  fats 
and  fatty  acids.  They  stain  green  on  the  slide  when  a  few  drops  of 
saturated  copper  nitrate  solution  are  added,  whereas  fatty  acid 
crystals  are  not  affected.  Furthermore  they  do  not  melt  on  heating. 
They  do  not  stain  with  Sudan  III.  In  some  faeces  an  excess  of  soaps 
may  be  present,  yet  are  not  seen  on  microscopic  examination.  The 
following  procedure  has  been  suggested  for  revealing  this.  Mix  the 
ffeces  with  70  per  cent.  Sudan  III  in  alcohol  and  acetone  (equal 
volumes).  This  stains  fatty  acids  and  neutral  fat.  Take  another 
specimen  of  the  faeces,  acidify  with  30  per  cent,  acetic  acid  and  boil 
for  a  few  minutes.  Cool,  and  stain  again.  The  acid  hydrolyzes  the 
soaps  so  that  an  increased  amount  of  fatty  acids  then  shows  that 
the  fjBces  contained  an  increased  quantity  of  soaps. 

In  normal  faeces,  only  soaps  appearing  as  a  few  plaques  are 
observed.  Fat  droplets  are  not  seen  on  ordinary  diets  and  their 


(X 
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,.-,c  50.  .Mi<r„«.o,.lcKxan,inatio„  of  LVcesMuxcle  Fibres,  (o)  Undigested. 

^  (b)  Partly  digested. 

Muscle  Fibres.  A  tyi>'“' “^1  i^Sions.  When  acted 
irregular  ends,  visiltle  nuclei  'j:„„ppear  first,  tlien  the  ends 

on  by  the  digestive  iiiiccs  le  tl,j.  erosswisc  striations 

become  smooth  and  ronnde  .  ,  ‘  ■|,,,ii,,al  ones  which  also  finally 

disappear  leaving  [."Jj^stion  is  shown  from  left  to  right  in 

Fig.  4tl.  Some  vegetable  fibres  found  ^traighter, 

ifroSTeh'dir^il^na;  and  the  striati^^^ 

do  not. 
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A  few  partially  digested  muscle  fibres  are  seen  in  stools  from 
normal  people  taking  an  ordinary  diet  containing  meat.  These  do 
not  average  more  than  one  to  two  per  field  and  frequently  there  is  less 
than  one.  The  occasional  fibres  seen  in  normal  stools  have  rounded 
ends,  sometimes  with  striations,  often  without.  In  pancreatic 
disease  there  may  not  only  be  a  marked  increase  in  the  number  of 
fibres  seen,  but  fibres  with  irregular  ends  either  with  or  Avithout 
nuclei  may  be  observed  (Fig.  50  (a) ).  The  term  creatorrhcea  is  used 
when  such  fibres  are  seen  in  the  fteces.  Whilst  such  undigested  muscle 
fibres  point  to  the  existence  of  impaired  pancreatic  function,  the  con¬ 
verse  is  not  the  case.  Protein-splitting  enzymes  may  be  deriA'ed  from 


liG.  51.  Microscopic  Examination  of  Ea?ces. 


^Vgetablc  Fii)rcs. 


other  sources  including  bacteria,  fousequeutly  e.xtensive  uaucreatic 
art^«"u' h?ihe'f!eces':"‘  ™  "'^'scle  fibres 

be^S  ‘^Thk'Saiu^stoch 

most  important  cause  of  an  incretsed^quantitrof  st^’’*‘f'-  ’’tr' 

—  of 

lopes  which  is  greater  in  uncooked  than”®  '"'^^r  °i  '‘cllulose  cnve- 
...minished  b/ thorough  u.^tYc^tt:’ 
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starch  granules  are  uncommon  in  the  stools  of  healthy  adults  but  are 
more  often  seen  in  the  fasces  of  infants. 

Examination  for  starch  granules  is  of  little  value  in  disease.  Even 
in  pancreatic  disease  with  marked  reduction  in  the  secretion  of 
amylase,  salivary  amylase  and  intestinal  bacteria  are  able  to  break 
down  the  starch  so  that  granules  are  not  more  frequently  seen  than 
in  other  types  of  steatorrhoea. 

Vegetable  Fibres  and  Cells.  A  wide  variety  of  vegetable  cells  and 
fibres  from  foods  eaten  is  seen  when  feces  are  examined  micro¬ 
scopically.  Examples  of  these  are  shown  in  Fig.  51.  Technicians 
should  become  familiar  with  their  appearance.  As  far  as  chemical 
examination  is  concerned  some  fibres  may  be  mistaken  for  muscle 
fibres  whilst  others  may  be  thought  to  be  worms.  For  more 
information  on  these  'topics,  see  Stitt  and  Cammidge,  already 
referred  to. 


Determination  of  Faecal  Nitrogen 

In  pancreatic  disease  with  diminished  secretion  of  protem-splittmg 
enzymes  the  fecal  nitrogen  may  be  increased.  In  health  on  a  mixed 
diet  the  amount  of  nitrogen  in  the  feces  is  largely  independent  of  th^ 
amount  of  nitrogen  in  the  diet  but  is  increased  when  diets  with  a  high 
residue  are  taken.  On  a  diet  containing  101-6  grams  of  fat  and  117 
grams  of  protein  (18-8  grams  of  nitrogen)  Dornberger  ei  o^f.,  (1948) 
found  an  average  daily  excretion  in  the  feces  of  1-7  gram  of  aif^ogen 
the  range  being^from  0-8  to  2-5,  corresponding  to  8-9  per  cent,  of  the 
ingestTnitrogen,  range  4-3  to  13.2  per  cent  They  also  mvest.gated 
ten  cases  of  chronic  pancreatitis  in  which  diabetes  and  calcification 
could  not  be  demonstrated,  and  a  further  ten  cases  in  which  bo  h 
were  nresent  together  with  steatorrhoea  m  seven  of  them.  In 
Ihe  fet  group  there  Is  no  significant  change  in  ««  ^ 

tion  but  in  tl- --'*,f°“'^‘‘-erTnl''o“  rin^ested  » 

correspondiij  to  9;0^^to  29  8^  per  cen^ 

EtndirpatrafJi:^ 

Xogen  irdefermined  by  the  Kjeldahi  method.  Homo- 
genize  the  feces  and  take  a  suitable  ahquo  . 

Fat  in  Faeces.  Steatorrhoea 

I^nIuK  iL^'ln^ySs  S|e3  acids.  This  is  the 

nl’ffi^ei^lu^tiror.soaps  the  aM 
Sil&e  iiftSo^^^^^^^^^  acids  liberated  there. 
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Neutral  fat  is  thus  fat  which  has  not  been  digested  and  is  referred 
to  as  unsplit  fat,  whilst  free  fatty  acids  and  soaps  represent  fatty  acids 
formed  by  digestive  action  but  w'hich  have  not  been  absorbed  and  so 
are  termed  split  fat.  It  should  be  noted  that  neutral  fat  and  free 
fatty  acids  are  soluble  in  ether  whereas  soaps  are  not,  and  have  to  be 
hydrolyzed  by  acid,  before  they  can  be  extracted  with  ether.  Neutral 
fat,  on  the  other  hand,  is  hydrolyzed  by  alkalies. 

Determination  of  the  Fat  Content  of  Faeces 

Methods  for  estimating  the  amount  of  fat  have  used  both  the  w’et 
and  dried  faeces.  It  has  been  held  by  those  w  ho  used  w'et  faeces  that 
the  process  of  drying  may  drive  off  some  of  the  more  volatile  fats, 
and  that  there  may  be  some  hydrolysis  of  neutral  fat  thus  giving  rise 
to  misleading  information  about  the  percentage  splitting  of  the  fats. 
However,  many  workers  have  continued  to  hold  the  view  that 
significant  errors  are  not  introduced  by  careful  drying.  A  simple 
method  for  dried  faeces  is  that  of  Cammidge  using  modified  milk  fat 
tubes  (Cammidge,  1914). 


n 


50n«L 
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I.  Cammidge’s  Method  using  Dried  Faeces 

Reagents.  1.  Hydrochloric  acid,  30  per  cent,  v/v.  Dilute  30  ml.  of 
the  concentrated  acid  to  100  ml.  with  w^ater. 

2.  Ether. 

3.  Alcoholic  sodium  hydroxide,  N/10  solu¬ 
tion. 

4.  Phenolphthalein  as  indicator. 

Technique.  IMost  specimens  of  faeces  can  be 

dried  satisfactorily  at  about  50  to  60°  C.  in  a 
hot  air  oven,  although  this  may  take  two  or 
three  days.  Drying  may  be  carried  out  on  a 
water  bath.  In  any  case  a  complete  stool 
should  be  used  since  fat  distribution  may  be 
irregular.  Appreciable  errors  may  be  intro¬ 
duced  if  samples  of  a  few  grams  only  are  dried. 

Place  the  specimen  in  an  evaporating  dish  and 
break  up  at  intervals  to  expose  as  large  a 
surface  as  possible.  With  faeces  containing  a 
large  amount  of  fat,  drying  is  more  difficult. 

Addition  of  alcohol  has  been  used  since  this 
reduces  the  boiling  point  and  speeds  up  the 
evaporation.  Dry  the  faeces  to  constant  w’eight 
and  wdien  dry,  powder  well.  ’ 

Weigh  out  two  1-gram  portions,  and  place 
one  each  into  tw'o  of  the  tubes  showm  in  Fig.  52 
Run  10  ml.  of  30  per  cent,  hydrochloric  acid 

v! ®  other. 

•  I  containing  the  acid,  loosely 

abont^’fift  °  ^  boiling  water  and  heat  for 

Thl  hvdrT''  minutes,  shaking  occasionally, 
his  hydrolyzes  the  soaps.  Cool  thoroughly. 


KJ 


Fig.  52.  Cammidge 
Tubes  for  Fat  in  Fa;ces. 
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To  each  tube  add  ether  to  the  50  ml.  mark,  eork  firmly,  and  mix  well 
by  inverting  frequently.  Do  this  several  times  for  two  or  three 
minutes  at  intervals  and  finally  allow  the  solid  part  to  settle  out 
eompletely.  Weigh  two  small  beakers  of  about  50  ml.  eapacity  and 
pipette  20  ml.  of  the  elear  ether  extraet  from  eaeh  of  the  tubes  and 
run  into  the  beakers.  Allow  the  ether  to  evaporate,  either  spontane¬ 
ously,  or  earefully  in  a  hot  air  oven  at  about  35 ""  C.,  and  heat  finally 
to  about  60°  to  70°  C.  to  eonstant  weight.  Weigh  the  beakers  to 
obtain  the  weight  of  fat  in  them. 

Dissolve  the  fat  in  the  beaker  from  the  tube  containing  water,  in 
ether,  wash  into  a  suitable  flask,  and  titrate  the  free  fatty  acids 
present  with  N/10  alcoholic  sodium  hydroxide  using  phenolphthalein 
as  indicator.  To  convert  the  titration  into  grams  of  fatty  acids 
multiply  the  number  of  ml.  used  by  0-0277. 

Calculation.  We  thus  obtain :  .  ,  p  i  r  4. 

1.  The  weight  of  fat  from  the  acid  tube  =  the  weight  of  total  tat 

in  0-5  gram  of  dried  faeces. 

2.  The  weight  of  fat  from  the  water  containing  tube  =  the  weight 
of  free  fatty  acids  +  neutral  fat  in  0-5  gram  dried  faeces. 

3.  The  number  of  ml.  N/10  sodium  hydroxide  required  to  titrate 
the  fat  in  the  beaker  from  the  water  containing  tube  x  0-0277  —  the 
weight  of  free  fatty  acids  in  grams  in  0-5  gram  of  dried  tteces. 

From  these  we  get  the  following  : 


(11  X  200  =  total  fat,  as  percentage  weight  of  the  dried  faices. 

(3)  X  200  as  percentage  weight  of  the  dried  faeces. 

f(2)  —  (311  x'^200  =  neutral  fat  as  percentage  weight  of  dried  faeces. 
_  (2)]  X  200  =  soaps  {combined  fatty  acids)  as  percentage 

w'eight  of  the  dried  faeces. 

c  i-t  f  i  Soaps  +  Free  fatty^cids  ^  percentage  of 

Then,  Split  fat  =  the  total  fat. 


Umplit  fat  =  X  percentage  of  the  total  fat. 

11  Method  of  Holt,  Courtney,  and  Fales  (1919)  using  Dried  Fsces 

'°ReSnts.  1.  Hydrochloric  acid,  80  per  cent,  v/v  as  before. 

2.  Alcohol,  either  absolute  or  95  per  cent. 

3.  Ether*  -  />/\o  \ 

4.  Petroleum  ether  (b.  pt.  40  to  60  C.). 

5.  Benzene.  .  , 

6.  N/10  alcoholic  per  cent,  alcohol. 

7.  One  per  cent.  Phenolphthalein  Weigh  out  1  grain 

Technique.  Dry  the  feces  as  t  es  hvdrochloric  acid 

of  dried  feces  and  heat  with  10  ml.  to'dryness.  Cool, 

on  a  water  bath,  ’washing  in  with  distilled  water  up  to 

Vhe“f  add  alcohol  to  .Irk  “  0  ”  and  ether  to  20  ml. 
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Stopper  firmly  and  shake  well  for  about  a  minute,  add  petroleum 
ether  to  the  50  ml.  mark  and  again  shake  well.  Stand  for  the  layers 
to  separate.  This  separation  can  be  speeded  up  by  rotating  the  tube 
while  held  upright  between  the  palms  of  the  hands.  Then  run  off  the 
ether  through  a  fat-free  filter  j)aper  into  a 
weighed  light  flask  (about  200  ml.).  Repeat 
the  extraction  twice,  each  time  using  20  ml.  of 
ether  and  20  ml.  of  petroleum  ether.  Wash 
the  tap  and  filter  paper  with  mixed  ether  and 
petrol  ether.  Evaporate  off  the  solvents,  fit¬ 
ting  the  flask  with  a  condenser,  so  collecting 
the  mixed  ether  distillate  which  can  be  used 
for  the  third  of  the  extractions.  Allow  the 
flask  to  stand  in  a  desiccator  overnight,  clean 
the  outside  and  weigh.  The  difference  in 
weight  gives  the  amount  of  total  fat  in  the 
dried  faeces  taken. 

Dissolve  the  fat  by  heating  on  a  water  bath 
with  about  50  ml.  of  benzene  and  titrate  hot 
with  N/10  alcoholic  sodium  hydroxide  using 
0-5  ml.  of  the  phenolphthalein  as  indicator. 

This  titrates  the  free  fatty  acids  originally 
present  and  those  liberated  from  the  hydrolysis 
of  the  soaps  present,  that  is,  the  titration 
measures  the  split  fat. 

Calculation.  Weight  of  fat  extracted  x  100 
=  percentage  total  fat  by  weight  of  dried 
faeces. 

Ml.  titration  X  0-0277  x  100  gives  weight  of 
split  fat  in  100  grams  of  faeces. 

Split  fat  and  unsplit  fat  in  terms  of  per¬ 
centage  of  total  fat  can  be  calculated  as  shown  before. 

Notes.  1.  It  has  been  claimed  that  this  gives  a  more  complete 
extraction  of  fats  than  does  the  Cammidge  method.  The  author  has 
not  found  a  significant  difference  between  the  two  methods 

2.  If  desired  soaps  may  be  estimated  as  in  the  Cammidge  method 
by  using  10  ml.  of, water  instead  of  acid,  extracting  as  above  and 
titrating  as  m  that  method.  It  is  not  usual  to  do  so  but  only  to 
report  total  fat  and  the  percentage  splitting. 

III.  Fowweather’s  Simplified  Method  using  Wet  Faeces  (Fow weather 

and  Anderson,  194G) 

Fowweather  (1926)  described  a  method  using  wet  feces  based  on 

has  a  uniform  consistenev.  TakTa  nLo„l“  ?  , 

flattened  at  one  end,  and  weigh  them  Transfer  8 'to  in  ^  "^^^r 

faces  to  this  and  again  weigh  tlie  dish  and  rod.  Then  wiSraw“> 
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to  3  grams  of  the  feces  on  the  flattened  end  of  the  rod,  and  place  this 
in  a  second  mortar.  To  obtain  the  weight  of  feces  removed,  weigh 
the  remaining  feces,  dish,  and  rod.  Then  place  the  latter  in  a 
steam  oven  and  dry  to  constant  weight  and  so  determine  the  water 
content  of  the  feces.  Mix  the  weighed  portion  of  the  feces  in  the 
mortar  thoroughly  with  2  ml.  of  concentrated  hydrochloric  acid,  add 
20  grams  of  plaster  of  Paris,  grind  well  together,  and  leave  for  thirty 
minutes.  Regrind  and  extract  with  dry  light  petroleum  ether  in 
a  Soxhlet  for  three  hours.  Remove  the  solvent  from  the  extract 
on  a  water  bath,  and  direct  a  current  of  air  on  to  the  surface  of  the 
extracted  fat  for  about  two  minutes  to  help  to  remove  any  hydro¬ 
chloric  acid  still  present.  Place  the  flask  containing  the  fat  in  a 
steam  oven  for  about  thirty  minutes.  Weigh.  This  gives  the  total 
fat  in  the  specimen.  Dissolve  the  fat  in  about  30  ml.  of  benzene  and 
titrate  with  N/10  alcoholic  sodium  hydroxide  as  before.  This  gives 
the  split  fat.  The  calculation  is  completed  as  described  previously. 


IV.  Method  of  van  de  Kamer,  Huinink  and  Weyers  (1947)  using  Wet 

Faeces 

This  is  a  convenient  and  rapid  method  and  is  particularly  suited 
for  use  in  connection  with  fat  balance  tests  (see  later,  p.  2J0). 
Results  are  expressed  in  terms  of  fatty  acids.  If  a  wet  method  is  to 
be  used  this  is  recommended. 

Reagents.  1.  Ethyl  alcohol,  96  per  cent,  containing  0-4  per  cent, 
amyl  alcohol. 

2.  Ethyl  alcohol,  96  per  cent.,  neutral  to  thymol  blue. 

3.  Potassium  hydroxide,  33  per  cent,  solution. 

4.  Hydrochloric  acid,  25  per  cent.,  S.G.  1*13. 

5.  Hydrochloric  acid,  2-5  per  cent.,  S.G.  1-013,  to  which  250  grains 

of  sodium  chloride  are  added  per  litre. 

6.  Petroleum  ether  (40°  to  60°  C.).  This  should  leave  no  titratable 

residue  when  evaporated. 

8  N/10  isobu'^l'akXolic  potassium  hydroxide.  Van  de  Kamer 

et  al  prepare  thiLs  follows.  Boil  isobutyl  alcohol  for  three  hours 
with  sodium  hydroxide,  20  grams  per  litre.  Distil,  collecting  the 
fraction  bXeTioS”  a^d  108°  C.  To  1  litre  of  this  add  3  grams  of 
concentrated  50  per  cent,  potassium  hydroxide  solution  (prepare 
Tv  dksolX  the*^  solid  hydroxide  in  an  equal  amount  of  water) 
dflu"Jh  20  ml.  of  methyl  aleohol.  Standardise  against  N/10 

hydrochloric  acid  with  thymol  blue  as  indicator. 

Two  per  cent,  thymol  blue  in  50  per  cent,  ethyl  aleohol. 

10.  N/10  hydrochlork  acjd.  approximately  5  grams  of 

Technique,  (a)  r  ArJfliOml  of  33  per  cent,  potassium 

the  feces  into  a  150  mb  flask  Add  1®  "'>•  °“Xntaining  04  per 

hydroxide  and  ^^ofl  under  a  rellnx  condenser  for  twenty 

S'.  .dd  n 

St!  sz'RS  Sbte  .wS  ."d  • 
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minute.  Allow  the  petrol  ether  layer  to  separate  completely  and 
pipette  off  25  ml.  into  a  small  conical  flask.  A  pressure  pipette  as 
shown  in  Fig.  54  may  be  used.  Add  a  piece  of  filter  paper  to  prevent 


Fig.  54.  Pressure  Pipette,  (flr.  J.  II.  Van  de  Kamer.) 

irregiilar  boiling  and  evaporate  the  petrol  ether.  Then  add  10  ml. 
ot  .)6  per  cent,  alcohol  neutral  to  thymol  blue  and  titrate  with  N/10 
sodium  hydroxide  using  a  microburette  and  thvmol  blue  as  indicator 
Alternatively  the  fatty  acids  can  be  titrated^ directlv  in  the  petrol 
ether  layer  using  N/IO  isobutyl  alcoholic  potassium  hydroxide^ 

284  for “auy 

Crams  fatty  acids  per  100  grams  feces 


n 


n  X  284  X  1-04  X  2  X  100 
'10,000  x’W 


\V 


5-91  n 

W  ‘ 

ml.  N/10  alkali  required  for  the  titration 
grams  of  feces  taken  for  the  analysis. 


alcohol  layer  remaining  in  the  acid- 
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cylindrical  tube.  Add  22  ml.  of  the  2-5  per  cent,  hydrochloric  acid 
containing  sodium  chloride  and  a  little  pumice.  Roil  for  one  minute 
under  a  reflux  condenser.  Cool  thoroughly.  Add  40  ml.  of  96  per 
cent,  ethyl  alcohol  containing  0-4  per  cent,  amyl  alcohol  and  50  ml. 
of  petrol  ether.  Close  the  tube  and  shake  vigorously  for  a  minute. 

Allow  to  separate.  Separation  can  be  accelerated  by  rotating  the 
tube  between  the  hands.  Pipette  off  25  ml.  of  the  petroleam  ether 
layer  into  a  100  ml.  conical  flask  as  above,  add  a  small  piece  of 
filter  paper,  evaporate  off  the  petrol  ether,  add  2  ml.  neutral  ethyl 
alcohol  and  titrate  the  fatty  acids  corresponding  to  the  sjjUt  fat  with 
N/IO  isobutyl  alcoholic  potassium  hydroxide  as  above  in  a  micro- 


After  noting  the  amount  required  to  neutralize  to  thymol  blue  add 
10  ml.  isobutyl  alcoholic  potash  and  reflux  gently  for  fifteen  minutes. 
Add  10  ml.  neutral  ethyl  alcohol  and  titrate  the  excess  alkali  with 
N/10  hydrochloric  acid,  until  the  blue  colour  turns  yellow.  Irom 
this  the  amount  of  neutral  fat,  corresponding  to  the  unspht  fat,  can 


^Vakula^tion.  A  molecular  weight  of  284  is  used  for  the  fatty  acids 
and  297  for  fat. 


Grams  fatty  acids  (split  fat)  per  100  grams  faeces 

5-91  n  ,  f 
=  -  as  before. 

W 


N) 


Grams  neutral  fat  (unsplit  fat)  per  100  grams  faeces 
(B  -  N)  297  X  1-01  X  2  X  100  ^ 

10,000^ 

B  =  ml.  N/10  hydrochloric  acid  required  to  titrate  10  ml.  isobutjl 

alcoholic  potassium  hydroxide.  fUmtion  of  the 

N  =  ml.  N/10  hydrochloric  acid  required  for  the  titration  ot 

n  1  .oi  k  used  since  the  only  correction 

reqidredTslor  the  if  tbe 

‘'Tresence  of  Liquid  ParafBn  H  Wd^^nd'wm  bfCd^io 
is  present  in  the  ^ees  .t  wdl  be  that  of  van  de 

present  in  the  neutral  ^  ^  titrated  So  liquid  paraflin  should  not 

kamer,  in  whieh  .t  w.  1  ^  ^rfore  the'^est  is  to  be  clone, 

liave  been  given  for  '^st  t  ree  tuy  ,,, 

Fffices  containing  it  will  re'"®  8  ,  .  {  percentage  of  neutral  fat  is 

fat,  A  high  fat  content  wath  a  P  j  paraflin  being 

found  rather  infrequently  ,  «  ‘  ^P^^e  borL  in  nlind,  ,  ^  . 

iiresent  in  such  cases  should  al  y  method  of 

W  iS;;  i;"U“ 

H-  -I— “  “"«■ 
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and  fatty  acids  are  destroyed,  liquid  paraffin  is  unaffected.  After 
cooling  thoroughly,  pour  slowly  into  about  50  ml.  of  water  in  a 
separating  funnel,  washing  out  the  vessel  with  water.  Then  extract 
twice  with  petrol  ether  using  about  20  to  30  ml.  Evaporate  to  dry¬ 
ness  and  weigh.  This  Avill  demonstrate  the  presence  of  liquid 
paraffin  and  allow  a  correction  to  be  made  if  desired.  It  is  better  to 
repeat  the  determination. 

Presence  of  Barium  Salts.  These  can  usually  be  recognized  quite 
easily.  The  faeces  are  white  and  heavy.  The  organic  material  can 
be  destroyed  and  the  presenee  of  barium  shown  by  the  usual  tests  of 
inorganic  analysis.  The  specimen  is  valueless  and  a  further  one 
should  be  obtained. 


INTERPRETATION 

It  is  usual  to  allow  a  fat  eontent  up  to  25  per  cent,  of  the  dried 
weight  in  the  faeees  of  normal  adults.  The  ratio  of  split  fat  to  unsplit 
is  at  least  3  :  1  so  that  at  least  75  per  cent,  of  the  fat  present  is  split 
fat.  In  the  case  of  children  a  fat  content  up  to  about  30  per  cent,  of 
the  dried  faeces  may  occur  normally,  with  up  to  33  per  cent,  of  unsplit 


With  persons  on  low  fat  diets  giving  less  than  about  10  per  cent, 
of  fat  in  the  dried  faeces,  the  ratio  of  split  fat  to  unsplit  fat  may  be 
lower  than  3:1.  No  significance  should  be  attached  to  this. 

An  increased  amount  of  fat  in  the  faeces — steatorrhoea — may  be  found 
in  a  number  of  conditions.  The  presence  of  such  an  increase  in  many 
cases  leads  to  bulky,  shapeless,  and  frothy  stools. 

(a)  In  pancreatie  disease  there  is  a  deficient  production  of  lipase 
so  that  an  increase  in  total  fat  with  an  increase  of  neutral  fat  and 
hence  of  the  percentage  of  unsplit  fat  might  be  expected.  However 
this  IS  far  from  being  a  consistent  finding  in  pancreatie  disease,  since 
pancreatic  lipase  is  not  the  only  lipolytic  agent  present  in  the  intestine 
borne  hpase  niay  be  produced  by  the  small  intestine  and  bacterial 
n  ^  f^bout  some  hydrolysis  of  fats.  Cooke  et  al 

h  percentage  hydrolysis  of  fat  in  the  faeces 

has  little  significance  and  m  particular  that  it  cannot  be  regarded  as  a 
reliable  index  of  normal  pancreatic  function.”  It  ma/be  fgreed  that 
S  nf  P^il^^^^^tic  insufficiency  occur  in  which  ther^e  is  increase  in 

in  fat  digestion  and  absoZt!^  t  act  as  emulsifiers 

from  50  to  80  per  clt  of  thf^’-  r  Percentages  of  total  fat, 

is  absent  from  the  intestine  A^i  "cjght  may  be  found  when  bile 
ai«Xvs  gives  a 

(  )  the  group  of  conditions  which  ineludes'sprue,  ...eliae  disease 


U 
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and  idiopathic  steatorrhoca  there  is  defective  fat  absorption  in  the 
small  intestine.  Total  fat  ranges  from  30  to  60  per  cent,  by  weight  of 
the  dried  heces  though  there  are  occasional  exceptions.  In  faulty 
absorption  due  to  tuberculous  disease  of  the  intestine  and  in  ehronie 
dysenteries  similar  findings  have  been  noted.  Normal  splitting  is 
found  in  the  great  majority  of  cases. 

Conclusions  as  to  the  cause  of  the  steatorrhoca  drawn  from  the 
percentage  splitting  of  the  fat  are  thus  seen  not  to  be  reliable  and 
some  workers  have  almost  ceased  to  use  the  determination  of  the 
proportion  of  split  and  unsplit  fat.  Criticisms  have  also  been 
brought  against  the  value  of  total  fat  determined  on  a  single  specimen 
of  fffices  taken  under  uncontrolled  conditions.  The  amount  of  fat  in 
the  faices  is  infiuenced  by  the  quantity  of  fat  in  the  diet,  and  in  addi¬ 
tion  the  amount  of  dry  matter  in  the  fjeces  varies  considerably  with 
the  tvpe  of  food  taken,  and  may  lead  to  different  percentages  ol  tat 
not  related  to  variations  in  fat  digestion.  Accordingly  it  has  been 
argued  that  a  closer  comparison  with  the  amount  of  fat  taken  m  the 
food  is  desirable.  For  this  purpose  fat  balance  tests  are  used. 


Fat  Balance  Tests 

The  iiatient  is  put  on  a  known  daily  intake  of  fat  which  has  been 
variously  fixed  from  50  to  100  grams.  Seventy  grams  appears  be 

a  suitable  amount  though  50  grams  has  often  ^ 

total  fat  content  of  the  faeces  is  determined.  After  the  pat  ent  has 

dtor^'a  muXTdavT^ronU  usrally  bdng  adeqi^ate, 

Tpr  feces  may  be  dried  as  they  are  received,  and  finally  nnxed, 

^itZ^rfiVeir' .*e -th^rir™  s; 

mined.  Alternain  ei}  PmCpstjor  Frazer,  see  also 

fls  follows  (personal  communication  fron  •  ^  Voph  Hav 

Imkrson  el  al,  1052),  can  be 

as  the  feces  a'oo.npletely  homogeneous 

if  necessary)  of  water,  .  1  ^  ground  glass 

suspension.  Measure  a  porti  (  •)  alcoholic  potassium 

stoppered  conical  „  "1  -ner  cent"  of  amyl  alcohol,  and  boil 

hydroxide  solution  containii  ^  P  Acidify  with  30  ml.  of 

on  a  steam  bath  for  tw^en  y  in  ^  liberates  the  whole  of  the 

33  per  cent,  (v/v)  hy‘lroc«or  e  -.d  ThjsJjbe  ^  , 

fatty  aeuls  present.  Add  50  ml.  I  patrol 

for  1  minute.  .'Vllow  to  stan  „  p.oholie  sodium  liydroxide  using 

^hvmoT  blue  r  pJenolph^Blem  as  indicator. 

rs«e?r^:;r-=^^  .  O-Og. 

Total  fatty  acids  iii  grams  _ 

volume  of  petrol  etheTwtract  titrated  (20  ml.) 


in 
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total  volume  of  faecal  suspension  (500  ml.) 

^  volume  of  faecal  suspension  used  (20  ml.) 

=  Ml.  N/10  NaOH  required  X  1*78 


for  the  quantities  used  above.  A  litre  of  suspension  may  be  made 
sometimes  and  only  10  ml.  of  extract  may  need  to  be  titrated.  Adjust 
the  calculation  accordingly. 

The  daily  excretion  of  fat  expressed  as  total  fatty  acids  is  thus 
obtained  and  the  average  daily  excretion  over  the  selected  period  can 
easily  be  calculated.  A  useful  method  of  reporting  which  the  author 
obtained  from  Professor  Frazer,  is  to  determine  the  daily  excretion  in 
terms  of  the  total  fatty  acids  on  the  faeces  passed  each  day,  and  then 
from  the  third  day  onwards  calculate  the  average  daily  excretion  for 
that  day  and  the  two  previous  days.  It  is  usually  clear  quite  soon 
whether  the  case  is  normal  or  is  a  definite  steatorrhoea,  and  in  border¬ 
line  cases  the  test  can  be  carried  on  for  longer  periods  so  that 
inequalities  in  the  amount  of  faeces  excreted  each  day  have  less  effect 
on  the  result.  Little  advantage  is  to  be  gained  over  this  method  by 
attempting  to  mark  the  fasces.  The  method  suggested  also  makes 
it  possible  to  evaluate  the  effect  of  any  treatment  which  may  be 

given.  The  results  can  be  conveniently  expressed  in  diagrammatic 
form. 


The  normal  absorption  of  fat  is  at  least  90  per  cent,  of  the  intake. 
Frazer  and  his  co-workers,  who  used  50  grams  of  fat  daily,  give  95  ±  4 
per  cent.  (Cooke  et  al,  1945).  Similar  values  are  obtained  when  70 
or  100  grams  of  fat  are  given.  Thus  an  absorption  of  less  than  90 
per  cent,  of  the  intake  may  be  regarded  as  abnormal,  and  as  showing 
the  presence  of  steatorrhoea.  An  absorption  between  55  and  90  per 
cent.  IS  commonly  found  in  steatorrhoea.  It  is  only  very  occasionally 
that  a  lower  percentage  absorption  is  obtained.  ^ 

balance  test  as  thus  carried  out  gives  a  more  reliable 
indication  wliether  a  patient  has  steatorrhoea  than  does  the  deter¬ 
mination  of  the  fat  content  of  a  random  specimen  of  feces. 
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CHAPTER  XVI 


CALCIUM,  PHOSPHORUS,  AND  PHOSPHATASES 

Since  these  are  all  concerned  with  the  calcification  of  bone,  they  are 
often  determined  together,  so  it  will  be  convenient  to  consider  them 
together  here.  In  addition  to  the  part  which  it  plays  in  the  building 
of  bones  and  teeth,  the  calcium  present  in  plasma  and  other  extra¬ 
cellular  fluid  is  important  for  maintaining  the  correct  conditions  for 
normal  nerve  irritability  and  muscle  contraction.  The  plasma 
calcium  also  plays  a  part  in  blood  coagulation.  The  calcium  of  the 
bones  provides  a  large  reserve  which  can  be  drawn  on  when  required. 
Mobilization  of  calcium  from  the  bones  is  controlled  by  the  hormone 
secreted  by  the  parathyroids. 

Phosphorus  is  more  widely  distributed  than  calcium.  Besides 
being  present  in  bones  and  teeth,  unlike  calcium  it  is  found  in  the  cells 
and  so  is  present  in  the  soft  tissues.  There  is  phosphorus  in  the 
molecules  of  many  important  substances  in  the  body,  for  example, 
in  some  proteins,  in  some  lipids,  and  in  many  enzymes.  The  excretion 
of  phosphates  affords  a  means  by  which  the  kidneys  are  able  to 
control  the  acid-base  balance  of  the  body. 


CALCIUM 

Determination  of  Serum  Calcium  (Method  of  Clark  and  Collip  (1925)  • 
see  also  Kramer  and  Tisdall  (1921),  and  Sendroy  (1944)  ) 

The  calciuni  is  precipitated  as  oxalate  directly  from  the  serum 
and  after  washing,  the  precipitate  is  dissolved  in  acid  and  titrated 
with  permanganate. 

Reagents.  1.  Ammonium  oxalate,  4  per  cent,  solution. 

S  r  solution.  Dilute  2  ml.  of  ammonia, 

o.u.  0  88,  to  100  ml.  with  water. 

3.  N/lOO  potassium  permanganate  solution.  Prepare  freshlv 

before  use  by  diluting  stock  N/10  solution.  ^ 

4.  Approximately  normal  sulphuric  acid. 

naturally  ruled  out.  Mix  well  a=:>d  aZt  stend  I! 

mination.  After  precipf^^^  convenient  for  this  deter- 

the  supernatant  fluid  witl/ut  distmbZ 
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tapered  tubes  the  supernatant  Iluid  can  be  poured  ofT.  After  doing 
so  stand  inverted  on  a  filter  paper  and  allow  to  drain  for  five  minutes. 
See  that  the  precipitate  stays  in  the  tip  of  the  tube.  Wipe  the  mouth 
of  the  tube,  run  3  ml.  of  the  2  per  cent,  ammonia  down  the  inside  of 
the  tube,  and  mix  the  precipitate  with  this  by  means  of  a  fine  glass 
rod  wdiich  is  then  kept  for  later  stirrings  so  that  small  amounts  of 
precipitate  adhering  to  it  are  not  lost.  Centrifuge  again,  pour  off  the 
supernatant  fluid,  repeat  the  draining  on  filter  paper,  wij^e  the  mouth 
of  the  tube  and  add  2  ml.  of  approximately  normal  sulphuric  acid. 
Mix  the  precipitate  with  the  acid  using  the  glass  rod  which  was  used 
for  mixing  when  washing.  Warm  by  placing  in  a  beaker  of  almost 
boiling  water  to  complete  solution  of  the  oxalate.  Remove  and 
titrate  with  N/lOO  permanganate,  keeping  the  mixture  at  70°  to  75  C., 
to  a  faint  pink  colour  which  persists  for  about  a  minute.  Use  a  2  ml. 
microburettc  graduated  to  0-02  ml.  As  blank,  titrate  2  ml.  of  the 
sulphuric  acid  to  the  same  end-point.  The  difference  between  these 
titrations  gives  the  volume  of  N/lOO  permanganate  required  to  titrate 

the  calcium  oxalate  precipitate.  •  i  4.  4. 

Calculation.  One  ml.  of  N/lOO  permanganate  is  equivalent  to 
0-2  mg.  of  calcium.  Hence  since  2  ml.  of  serum  is  used. 

Mg.  calcium  per  100  ml.  serum 

=  (Titration  of  unknown  —  titration  of  blank)  X  0-2  X 


-  ^  (Titration  of  unknown  —  titration  of  blank)  X  10. 

Notes.  For  accurate  results  the  washing  must  be  carefull> 
nnt  and  standardized.  Two  factors  are  involved,  removal  of  the 
aninioiiium  oxalate  solution  anti  possible  solution  of  the  1W™'P>^  * 
the  wash  liquid  A  slightly  different  technique  from  that  gi\e 
in  the  vasn  iiq  ^  ^  the  calcium  oxalate,  and 

Snttlge  a«ain:  p'our  olT  .^^ot  ll:: 

re:o':ZSl™X^;-i;trin‘’S  aei<,  anti  titrate  as 

before. 


Use  of  lodometric  Titration  notassiuin  iotlitle  is  atltletl  anti 

An  excess  ol  permanganate  IS  ’  ‘.it,..,tctl  with  N/t«0  thio- 

the  iotline  liberated  from  tins  excess  is  i,  tims 

sulphate  using  starch  as  mtheator.  A  sharp  po 

obtained.  .  .  _  ^ent.  solution  made 

Reagents.  1.  Potassium  iodide,  10  per 

freshly.  ,  .  ,  ,  4.^  Make  freshlv  for  use  by  diluting 

2  N/400  sodium  thiosulphate.  Make  tresmy 

5  nil  of  stock  N/10  solution  to  200  ml. 

? ..  -xii tS'  -  “t  5  85 
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add  1  ml.  of  potassium  iodide  solution  and  titrate  the  liberated  iodine 
with  N/400  thiosulphate. 

Calculation.  Check  the  equivalence  of  the  solutions  by  titrating 
2  ml.  of  permanganate,  after  addition  of  sulphuric  acid  and  iodide, 
with  the  N/4()0  thiosulphate.  Since  1  ml.  of  N/400  thiosulphate  is 
equivalent  to  0-05  mg.  of  calcium 

Mg.  calcium  per  100  ml.  serum 

=  (Titration  of  standard  —  titration  of  unknowm)  X  0-05  X 

2 


=  (Titration  of  standard  —  titration  of  unknown)  x 


de  Loureiro  and  Janz  Modification  of  the  Clark  Collip  Method  (de 

Loureiro  and  Janz,  1944) 

De  Loureiro  and  Janz  have  made  a  study  of  this  estimation  and 
recommend  a  modified  permanganate  solution,  which  can  be  used 
either  for  iodometric  or  colorimetric  estimation  of  calcium.  They 
claim  a  more  reliable  result  for  the  iodometric  titration  if  the  reaction 
is  carried  out  in  strong  acid  solution  and  in  the  presence  of  added 
manganous  sulphate. 

Reagents  1  Stock  diluent.  Dissolve  50  grams  of  manganous 
sulphate  (MnS04,  “iHaO)  with  moderate  heating  in  500  to  600  ml. 
water,  cool,  add  slowly  350  ml.  concentrated  sulphuric  acid  cool 
and  make  up  to  a  litre.  ’ 


2.  N  10  potassium  permanganate  in  the  stock  diluent.  Dissolve 
S  o  grains  of  potassium  permanganate  in  a  litre  of  the  stock  diluent, 
standardize  against  sodium  oxalate  and  adjust  to  N/10  with  stock 
diluent  This  solution  reacts  with  oxalic  acid  at  room  temperature 
and  uith  potassium  iodide  m  exactly  equivalent  proportions.  The 
colour  of  the  solution  differs  somewhat  from  that  of  aqueous  perman¬ 
ganate  solutions.  It  shows  only  a  very  small  loss  of  titre  on^storave 
in  e  re  rigerator,  a  slightly  higher  one  at  room  temperature  Such 

SSrarod'”*''*”"  Use  N,  Z foTX 

4.  N  100  sodium  oxalate  solution  Dissnl^^A  n 

oxalate  in  35  per  cent  siilnVinn-A  ’•  i  ^oKe  0-355  gram  of  sodium 
the  acid.  ^  sulphuric  acid  and  make  up  to  500  ml.  with 


co.t.eS“fXeid  with  “f 

?;  xIorZilTm  thi,"  ;,TphX'  'prepare 
N/IO  solution.  ^  diluting  an  accurate 
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8.  Starch  indicator.  One  per  eent.  starch  in  saturated  sodium 
chloride  solution. 

Technique.  1.  lodometric  Method.  Prepare  and  wash  the  caleium 
oxalate  precipitate  as  deseribed  above.  Dissolve  in  a  small  drop  of 
nitric  acid  and  add  2  ml.  of  N/lOO  potassium  permanganate.  After 
thirty  minutes  add  distilled  water  and  wash  the  eontents  into  a 
beaker.  Add  1  ml.  of  potassium  iodide  and  titrate  with  N/lOO 
thiosulphate  using  a  suitable  microburette 

Dinette  2  ml.  of  N/lOO  permanganate  into  a  flask,  add  10-20  ml.  of 
Ser  and  1  ml.  of  potassium  iodide.  Titrate  with  the  N/lOO  thio¬ 
sulphate.  Two  ml.  should  be  required.  , 

Calculation.  One  ml.  of  N/lOO  thiosulphate  =  0-2  mg.  calcium. 

Hence 

Mg.  calcium  per  100  ml.  serum  , 

=  (Ml.  titration  of  standard  —  ml.  titration  of  unknown)  X 

For  titration  of  the  oxalate  standard,  mix  2  ml.  of  the  perinan- 
gaLte “Tl  ?nl.  of  the  oxalate,  keeP  thirty  mmutes  at 
nerature  add  iodide  and  titrate  with  thiosulphate.  The  dj^erence 
between ’the  volume  of  thiosulphate  required  for  the  standard  a 

di-olve  the  washed  calcium 
“ac%  u^ng 

“calcltn®  Thrs^m  ^  "pr^p^n:?  to  ?he  difference 
between  the  two  colorimeter  readings,  that 

serum  ealcium  =  (B  -  T)  X  constant  K. 

K  can  be  dete— -  o™ 

the  colorimeter  (T)  To  a  /  ‘bne  ml.  of  oxalate 

“““ 

10  =  (B  -  T)  X  K,  so  that  K  can  be  found. 


A  calibration  curve  can  be  worked  out  ff  desired^^follows  : 


Mg.  calcium  per  100  ml.  serum 
Ml.  N/lOO  permangauate  . 
Ml.  N/lOO  oxalate 
Ml.  diluent 


0 

2 

0 

3 


2-5  5 

2  2 

0-25  0-5 

2-75  2-5 


7-5 

2 

0-75 

2-25 


10 

2 

10 

20 


12  5 
2 

1-25 

1-75 


15  17-5 

2  2 

1-5 

1-5  1-25 


The  readings  of  the  oxalate  containing  *P“™“stfa!ght  line  curve 
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seen  that  under  these  conditions  it  is  vitally  important  that  the 
oxalate  solution  should  be  accurate,  but  that  variations  in  strength 
of  the  permanganate  will  not  affect  the  accuracy  of  the  estimation. 

Note.  This  method  can  be  used  with  smaller  quantities  of  seruni, 
if  necessary.  It  then  gives  a  greater  degree  of  accuracy  than  is 
possible  with  the  original  Clark  Collip  method.  Whenever  possible 
the  full  2  ml.  of  serum  should  be  used. 


Other  Methods.  Roe  and  Kahn  (1929)  have  used  a  method  which 
precipitates  the  calcium  from  a  protein-free  filtrate  as  tricalcium 
phosphate.  This  is  then  washed  and  determined  colorimetrically  by 
the  phosphate  method  given  later.  Kuttner  and  Cohen  (1927)  have 
described  a  micro-method  based  on  this  principle.  This  type  of 
method  is,  however,  more  troublesome  than  the  above  methods,  but 
it  is  claimed  that  it  can  be  applied  to  smaller  quantities  of  serum,  an 
advantage  over  the  Clark  Collip  method,  but  not  over  the  colorimetric 
method  described  above.  In  any  case,  the  major  errors  in  deter¬ 
mining  serum  calcium  are  likely  to  arise  in  washing  the  precipitate. 
The  smaller  this  is,  the  greater  these  errors  may  be  proportionately, 
so  that  it  is  advisable  to  use  2  ml.  serum. 

Elliott  (1952)  has  titrated  the  calcium  directly  with  disodium 
dihydrogen  ethylene  diamine  tetraacetate  using  ammonium  purpurate 
as  indicator.  At  pH  12  this  is  specific  for  calcium.  The  end-point, 
however,  is  not  very  sharp. 


INTERPRETATION 

Ihe  calcium  of  the  blood  is  confined  to  the  plasma.  Normal  serum 
calcium  ranges  from  9-0  to  11-5  mg.  per  100  ml.,  the  majoritv  of 
results  being  near  to  10  mg.  per  100  ml.  The  upper  limit  appears  to 
be  slightly  higher  m  very  young  children.  Rather  less  than  half  of 
the  calcium  is  attached  to  proteins  (averaging  4-5  mg.  per  100  ml.) 
and  is  physiologically  inactive.  The  remaining  part  (averaging 
5^5  mg.  per  100  ml.)  is  active  physiologically  and  it  is  variations  in 

lenJTnfT  pathologically.  Serum  calcium 

tends  to  fall  a  little  in  pregnancy.  Although  usuallv  in  the  lower  part 
of  the  normal  range,  it  is  occasionally  slightly  subnormal. 

ihe  level  of  serum  calcium  may  be  affected  bv  deficient  calcium 
absorption  from  the  intestine,  by  alterations  in  the  amount  of  para¬ 
thyroid  hornmne  secreted,  by  ehanges  in  the  serum  inorganic  phos- 
alterations  m  the  plasma  proteins.  In  regard  to  the 
ast  of  these,  it  is  the  physiologically  inactive  part  which  is  affected  • 
m  the  other  cases  it  is  physiologically  active  cidcium  Xh  is 
In  conditions  other  than  those  in  which  there  is 

inorganic  phosphorus  can  lead  to  Xondrv^hannff 
calcium.  .  iuiar^  ctianges  m  serum 

A  reduction  in  sennn  calcium  affecting  the  lihysiologically  active 
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part  is  associated  with  tetany.  There  is  a  region  of  latent  tetany 
down  to  about  8  mg.  per  100  ml.  Between  7  and  8  mg.  per  100  ml. 
abnormar  reflexes  can  be  demonstrated  (Trousseau  and  Chvostek 
signs),  and  below  7  mg.  per  100  ml.  carpopedal  spasms  may  oeeur. 
The  serum  calcium  in  severe  tetany  falls  to  just  below  6  mg.  per 
100  ml.  in  those  cases  in  which  the  tetany  is  due  to  a  reduction  in 


ionized  calcium. 

Reduced  Serum  Calcium.  Some  of  the  lowest  values  for  serum 
calcium  are  found  in  hyfoparathyriodism.  This  may  arise  sponta¬ 
neously  (idiopathic  hypoparathyroidism)  but  occurs  more  commonly 
following  thyroidectomy  carried  out  on  patients  with  hyperthyroidism 
when  too  much  parathyroid  tissue  has  been  removed.  The  ser\im 
calcium  can  fall  to  just  below  C  mg.  per  100  ml. 

Diseases  in  which  calcium  absorption  is  impaired  do  not  as  a  rule 
show  such  low  values.  In  rickets  the  most  characteristic  abnormality 
is  the  low  inorganic  jihosphorus.  Serum  calcium  is  most  often  either 
just  within  normal  limits  or  is  between  8  and  9  mg.  per  100  ml.  Only 
rarelv  does  it  fall  below  8  mg.  per  cent,  so  that  symptoms  of  tetany 
do  not  often  occur.  A  low  serum  calcium  is  perhaps  more  frequently 
observed  in  adult  rickets,  osteomalacia.  In  the  steatorrhoeas— 
idiopathic  steatorrhoea,  coeliac  disease,  sprue— serum  calcium  is 
usuallv  between  8  mg.  per  100  ml.  and  normal  values.  However,  a  small 
proportion  show  lower  values  and  may  have  active  symptoms  of 

The  high  serum  inorganic  phosphorus  of  advanced  renal  failure 
is  accompanied  by  a  marked  decrease  in  serum  calcium  which  may  be 
as  low  as  6  mg.  per  100  ml.  The  acidosis  present  may  counteract  the 
tendency  for  fet^y  to  ocenr  (see  p.  361 ).  Nevertheless,  occasionally 
such  natients  show  typical  symptoms  of  a  severe  tetany.  In  those 
forms^of  renal  disease  in  which  plasma  proteins  are  reduced,  serum 
ca  dunVmav  be  low  because  of  this,  but  the  physmlog.cally  active 
part  is  not  affected  and  the  fall  has  no 

‘  Increase  in  serum  calcium  is  uncommon.  The  highest  values  are 

fouXn  foo  ml”  TaToft 

and  even  sometimes  slightly  i  J  ner  100  ml  (Herbert, 

“™s1:r::o."s  'l;:  ^;;™st  Ssi::h.rL‘presence 

of:  Parathyroid  tuiimur^  "so 

are  extensively  ?  Tq  increased  removal  of  caleiiini 

‘?h\"b”es“in':yperthyroidisnn  ^ 

Hypervitamwons  ^^/serun  cnicium.  The  author  has  se. 

UP  to  17  mg.  per  100  ml.  ,  .)  1-^ 


calcium  which  IS  tneiiiisuau,^.--  increased  iii  tins 

eJnd^ion,  tteirSoil’Uveen  the  increase  in  the  serum  calcium 
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and  increase  in  plasma  proteins  is  niueli  less  close  than  that  with  the 
increase  in  calcium  excretion  in  the  urine.  The  rise  in  serum  calcium 
appears  to  be  due  to  increased  removal  from  the  bones. 

Normal  serum  calcium  is  found  in  all  the  blood  diseases,  that  is  in 
the  various  anaemias,  purpura,  and  haemophilia,  exeept  that  a  small 
increase  may  occur  in  polycytlnemia.  Normal  values  are  the  rule  in 
all  bone  diseases  other  than  those  given  above. 


CALCIUM  EXCRETION 


Urine  Calcium 

Sulkowich’s  Test  for  Urine  Calcium 
Sulkowich  (Barney  and  Sulkowich,  1937,  Albright,  1939)  has 
suggested  a  test  which  gives  a  rough  idea  of  the  amount  of  caleium 
present  in  the  urine.  Carry  out  the  test  on  a  twenty-four-hour 
specimen  of  urine  if  ])Ossible. 

Sulkowich’s  Reagent.  Dissolve  2-5  grams  of  oxalic  acid  and  2-5 
grams  of  ammonium  oxalate  in  about  100  ml.  of  water  to  whieh  5  ml. 
of  glacial  acetic  acid  has  been  added  and  make  up  to  150  ml.  with 
water. 

Technique,  Mix  thoroughly,  equal  volumes  of  urine  and  Sulko¬ 
wich’s  reagent  in  a  test  tube  and  stand  for  two  to  three  minutes. 
Calcium  present  is  precipitated  as  calcium  oxalate.  The  following 
results  may  be  obtained.  ^ 

1.  No  precipitate.  No  calcium  present.  Serum  calcium  probably 
below  8-5  mg.  per  100  ml. 

2.  I  ine  white  cloud.  Moderate  urine  calcium.  Serum  caleium 
probably  normal. 

3.  Heavy  milky  precipitate  shows  increased  urine  caleium  with 
serum  calcium  probably  above  12-5  mg.  per  100  ml. 

Determination  of  Urine  Calcium 


1.  McCrudden’s  Method  (McCrudden 


- — ^  1 

Reagents.  1.  Ammonia,  S.G.  0-88. 

2.  Concentrated  hydrochlorie  acid. 

3.  Oxalic  acid,  2-5  per  cent,  solution. 

4.  Sodium  acetate,  20  per  cent,  solution.  Use  tile  crystalline  salt 
a.  bulphuric  acid,  approximately  2  X  solution. 

0.  JN  10  potassium  permanganate, 

and  mt^r  Then 

chlor1raciT*\X''7o''m’l‘*''?o‘,!'‘  °f  ™neentrated  Iwdr'ol 

frequent  vigorous  shaking.  Filter  wash  web  win 

-Iph-ic  acid  and 

of  calcium  or  2-8  mg.  of  ^alcLm  oxfdT^^^^^^^^ 
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Mg.  calcium  excreted  daily  =  ml.  of  N/10  permanganate  required 

Volume  of  twenty-four  hour  urine 


X  2  X 


200 


ml  N  10  permanganate  required  X  Volume  of  twenty-four  hour  urine 

""  Too 

Mg.  calcium  per  100  ml.  of  urine  =  ml.  N/10  permanganate  required. 

2.  Method  of  Shohl  and  Pedley  (1922) 

This  is  rather  more  troublesome,  but  is  more  accurate. 

Reagents.  1.  Ammonium  persulphate. 

2.  Oxalic  acid,  2-5  per  cent,  solution. 

3.  Methyl  red  indicator. 

4.  N/20  potassium  permanganate. 

5.  Concentrated  nitric  acid. 

6.  Concentrated  sulphuric  acid. 

7.  Ammonia,  S.G.  0-88. 

8  Dilute  sulphuric  acid.  ,  u  •  m 

Technique.  Add  5  ml.  concentrated  nitric  acid  or  sulphuric  acid 

and  rto  4  grams  of  ammonium  persulphate  to  100  ml.  of  unfiltered 
urine  in  a  250  ml.  flask.  Insert  a  filter  funnel  into  the  neck  of  tl  e 
flask  to  prevent  loss  by  spattering.  Boil  gently  or  keep  near  to 
boiling  for  an  hour  until  reduction  of  the  persulphate  is  complete,  as 
shown  bv  absence  of  frothing  when  the  flask  is  shaken.  The  solution 

paper  and  wash  the  o„inhuric  acid.  Warm  to  about 

70 ‘‘c  anTtitrate  with  th^  N/M  permanganate  to  the  first  pink  colour 

"  CakSon!  ^“onl  mT  of  N/20  permanganate  is  equivalent  to  1  mg. 

°^Mt"eaTeiu.n  pe“l00  ml.  urine  =  ml.  permanganate  used  in  the 
titration. 

Calcium  in  the  Faeces 

Determination  of  ^^^ecal  Calcium  about  1  gram  in  a 

Dry  the  faeces,  weigh,  and  ash  in  dilute  acid  and 

crucible  in  an  electric  furnace.  D  neutral  to  litmus 

estimate  as  in  McCrudto  hydroehlorie  acid 

ml.":r  efnl  oxalt  a^eid,  8  ml.  of  sodiu.n  citrate,  and  proceed 

as  described  above.  snecimen  =  ml.  permanganate 

calculation. 

required  X  2  X 
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CALCIUM  EXCRETION.  INTERPRETATION 

Most  of  the  calcium  excreted  from  the  body  is  in  the  fieces,  so  that 
normally  nearly  three  times  as  much  is  lost  in  the  fasces  daily  as  in  the 
urine.  Since  in  adults  the  total  calcium  excreted  is  likely  to  average 
0-7  to  0-8  gram,  the  daily  excretion  of  calcium  in  the  urine  is  normally 
in  the  region  of  200  mg.,  that  in  the  faeces  about  600  mg.  (as  Ca). 
Naturally  this  is  greatly  influenced  by  the  amount  of  calcium  in  the 
diet  which  may  vary  widely,  being  largely  dependent  on  the  quantity 
of  calcium-rich  foods  such  as  milk  (680  mg.  per  pint)  and  cheese 
(230  mg.  per  ounce)  which  are  being  consumed. 

Estimation  of  urine  calcium  is  not  very  frequently  made.  It  is 
low  in  diseases  in  which  calcium  absorption  from  the  intestine  is 
defective,  and  so  is  low  in  rickets  whereas  the  faecal  calcium,  so  long 
as  calcium  intake  is  normal,  is  rather  high. 

There  is  an  increased  excretion  of  calcium  in  the  urine  in  hyper- 
paratkyroidisni  in  which  well  over  300  mg.  of  calcium  may  be  lost 
daily  in  the  urine.  There  is  also  increased  excretion  in  hyper¬ 
thyroidism.  Greatly  increased  amounts  may  also  be  excreted  in 
multiple  myeloma.  The  author  has  seen  several  cases  with  a  daily 
excretion  between  300  and  500  mg.,  and  one  of  750  mg. 

Calcium  balance  tests  are  sometimes  carried  out.  The  patient  is 
placed  on  a  diet  of  known  calcium  content.  After  allowing  at  least 
three  days  for  the  patient  to  become  adjusted,  give  a  marker  before 
breakfast  on  the  day  the  collection  of  twenty-four-hour  urine  speci¬ 
mens  is  begun.  Continue  these  collections  for  several  days,  say  four 
days,  at  the  end  of  which  period  a  second  marker  is  given  again  before 
breakfast,  the  point  at  which  urine  collection  ends.  Faeces  are 
collected  from  marker  to  marker,  including  in  the  test  the  specimen 
whieh  contains  the  first  marker  but  not  that  which  contains  the 

carmine,  and  gentian  violet  have  been 
thlt  marWnf'tf  f  ‘^‘‘‘'sfactory,  but  it  must  be  acknowledged 

easv  T  "1? ‘‘'Iff  ^  Furthermore,  it  is  not 


easy  to  cary  out  reliable  calcium  balance  tests  under  ordinarv 

^uleium  content  of  the  urine  and 


faeces  ealmilafo  CUIILCIIL  or  tne  urine  and 

trknoltifyfnUr"^  ‘his  with 

A  normal  diet  may  contain  about  800  mg.  of  calcium  dailv  anH 
such  diets  have  been  used  for  the  test  On  ftn-rf  i  ^  ^ 

Sni^g^niSHS^ 

calcium  daL  since  a  state  of  h  i  ^“‘■cte  about  250  mg. 

500  mg.  ealJiuTare  beZ  tlken“'\™,’'“‘ 

negative  calcium  balance  elists  when  more  than  ^50  m7"'l‘'“''''®  ^ 
being  exereted  daily,  a  nositive  ,  i  Vu  ^  ^  are 

250  mg.  This  forn^  of  test  is  preferred  sfeeThd! 

in  carrying  it  out.  since  it  is  less  subject  to  errors 

There  is  a  negative  calcium  balance  in  hyper-parathyroidism.  The 
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test  has  been  said  to  be  of  diagnostic  value  in  this  condition  in  that 
there  may  be  a  negative  balance  when  serum  calcium  and  inorganic 
phosphorus  are  within  normal  limits. 


INORGANIC  PHOSPHORUS 

Determination  of  Inorganic  Phosphorus  in  Serum  and  Plasma  (Fiske 
and  Subbarow  (1925)  ) 

The  filtrate  obtained  after  removing  proteins  by  means  of  tri¬ 
chloracetic  acid  is  treated  with  an  acid-molybdate  reagent  which 
reacts  wdth  inorganic  phosphate  to  form  phosphomolybdic  acid. 
The  hexavalent  molybdenum  of  the  phosphomolybdic  acid  is  reduced 
by  means  of  1.2.4.  aminonaphtholsulphonic  acid  to  give  a  blue  com¬ 
pound  which  is  estimated  colorimetrically.  The  reducing  agent  has 
only  a  negligible  effect  on  the  hexavalent  molybdenum  m  the 

uncombined  molybdie  acid.  ,  ,  .  i 

Reagents.  1.  Trichloracetic  acid,  10  per  cent.  (w/v).  iJissolve 
10  grams  in  water  and  make  up  to  100  ml.  The  quality  of  the  tri¬ 
chloracetic  acid  is  important.  .  .  i  i  i  • 

2  Sulphuric  acid,  10  N.  Add  450  ml.  of  concentrated  sulphuric 

acid  slowly  whilst  cooling  to  1,300  ml.  of  distilled  water.  Dilute  some 
of  this  1  in  10  and  titrate  with  N  sodium  hydroxide,  and  make  any 

necessary  adjustment  in  the  original.  i  N 

3  Molvbdate  1.  2-5  per  cent,  ammonium  molybdate  m  5  ^ 

sufphuric  S  Dissolve' 25  grams  of  the  salt  in  about  200  ml.  of 
water,  transfer  to  a  litre  llask  contannng  500  ml.  of  10  N  sulphuric 
acid  Dilute  to  1  litre  with  water.  i  i  i  4.  q  v 

4.' Molybdate  II.  2-5  per  cent.  “”““''‘7,''  t'he tcM 

sulphuric  acid.  Make  as  molybdate  I  except  that  300  ml.  of  the  acid 

is  used  instead  of  500  nil.  T'tiic  must  be  free 

from^Sy^vtoited.’'  soh.tions  may  not  filter 

Na,SO„7H20  in  880  ml.  of  water,  filter  from  any  sup 

"t%':2rper'ceT“.f4!’‘?minonaphtholsulphonic^  Add  0-5 

7.  0-25  per  cem,.  ^  sodium  bisulphite 

gram  of  sulphite.  Stopper  and  shake 

and  5  ml.  of  the  20  pe  ,  i  j  solution  is  old,  more  than  5  ml. 
until  it  is  dissolved.  If  the  bisuipi  sulnhite  1  ml.  at  a 

of  sulphite  may  be  needed,  m^dneh  case  a^ld^_^  complete  solution  is 

time,  shaking  well  after  each  bottle  The  solution  keeps 

obtained.  Store  m  the  cold  in  a  b  b 

t”  ““1  a-  •  *"”‘' 

potassium  dihydrogen  phosphate  m  ^  Five  ml. 
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9.  Dilute  standard  for  use.  Dilute  the  stock  standard  1  to  10. 
One  ml.  contains  0-008  mg.  phosphorus. 

Technique.  Pipette  8  ml.  of  10  per  cent,  trichloracetic  acid  into 
a  suitable  test  tube  and  run  in  2  ml.  of  serum  or  plasma  whilst  shaking 
constantly.  INe  9  ml.  of  acid  and  1  ml.  of  serum,  or  half  quantities 
throughout,  if  it  is  desired  to  economize  serum.  Mix  well,  stand  for 
a  few  minutes  and  filter  throizgh  an  ashless  filter  paper.  Pipette  5  ml. 
of  the  filtrate  into  a  10  ml.  stoppered  graduated  cylinder.  Add  1  ml. 
of  molybdate  II  reagent  and  mix.  Then  add  0-4  ml.  of  the  amino- 
naphtholsulphonic  acid  and  make  to  the  mark  with  distilled  water. 
At  the  same  time  put  up  a  standard.  Pipette  5  ml.  of  the  standard 
phosphate  solution,  equivalent  to  0-04  mg.  P.,  into  a  similar  cylinder, 
and  add  1  ml.  of  molybdate  I  reagent  and  0-4  ml.  of  aminonaphthol- 
sulphonic  acid.  Mix  gently  after  each  addition  and  make  to  10  ml. 
After  standing  five  minutes  compare  in  the  colorimeter  or  read  in  the 
photoelectric  colorimeter,  using  a  red  filter  or  transmission  at  680 
millimicrons. 

Calculation.  Since  5  ml.  of  standard  contain  0-04  mg.  P.  and  5  ml. 
of  filtrate  is  equivalent  to  1  ml.  of  serum,  for  the  photoelectric 
colorimeter. 

Mg.  inorganic  phosphorus  per  100  ml.  serum 


Reading  of  unknown 


Reading  of  standard  ^  ^ 
Reading  of  unknown 


- — — _ V  4 

Reading  of  standard 


A  standard  curve  can  be  prepared  as  follows,  using  as  standard  a 
solution  prepared  by  diluting  the  stock  standard  1  in  4  (1  ml  = 
0-02  mg.  P.).  ^ 


Mg.  inorganic  phosphorus  per 
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metabisulphite  and  2-4  grams  of  sodium  sulphite  {Na2S03,  THgO)  in 
100  ml.  of  solution,  filtered  if  necessary,  and  prepared  freshly  every 
fortnight.  Messrs.  Gallenkamp  supply  tablets  of  which  one  tablet 
makes  10  ml.  of  this  solution  (King  and  Allott,  1952). 

4.  Use  of  Metol  as  Reducing  Agent.  Gomorri  (1942)  suggested  the 
use  of  metol  instead  of  aminonaphtholsulphonic  acid.  He  uses  a 
solution  prepared  by  dissolving  1  gram  of  metol  (p-methylamino- 
phenol  sulphate)  in  100  ml.  of  a  3  per  cent,  solution  of  sodium  bisul¬ 
phite.  This  reagent  is  easier  to  prepare,  keeps  better  at  ordinary 
temperatures,  and  is  less  affected  by  variations  in  the  amount  of  acid 
present,  than  the  aminonaphtholsulphonic  acid.  Only  one  molyb¬ 
date  reagent  is  required.  This  is  prepared  by  dissolving  7-5  grams 
of  ammonium  molybdate  in  about  200  ml.  of  w'ater,  adding  100  ml. 
of  10  N  sulphuric  acid  and  making  to  400  ml.  with  water.  Otherwise 
the  determination  can  be  carried  out  as  described  above  with  these 
two  reagents  substituted  and  using  1  ml.  of  the  metol  solution. 
The  author  has  found  this  quite  a  satisfactory  method. 


Determination  of  Inorganic  Phosphorus  on  the  Supernatant  Fluid 
Obtained  after  Removing  Calcium  (Jones,  1951) 

Jones  has  determined  inorganic  phosphorus,  using  the  above 
Gomorri  method,  on  the  supernatant  fluid  from  centrifuging  the 
precipitate  of  calcium  oxalate  in  the  determination  of  calcium  given 
earlier  (p.  293).  This  mav  be  useful  wflien  insufficient  serum  is  avail¬ 
able  for  both  determinations,  though  it  is  not  quite  as  accurate  as  the 
straight  determination.  After  centrifuging  down  the  precipitate  ot 
calcium  oxalate,  pipette  off  2-5  ml.  of  the  supernatant  lluld  into  a 
test  tube  containing  7'5  ml.  of  10  per  cent,  trichloracetic  acid.  Mix 
well  and  filter.  To  5  ml.  of  the  filtrate  (=  0-5  ml.  of  serum)  add 
2-5  ml  of  the  molybiiate  reagent,  and  1-25  ml.  of  N,10  potassium 
nermaiigaiiate.  Shake  well  and  heat  for  at  least  five  minutes  in 
boiling  water,  cool,  add  1  ml.  of  the  metol  solution  and  make  up  to 
10  ml^with  water.  If  any  turbidity  develops,  ami  ^ 

suiiernataiit  tluiil.  Read  in  the  eolorimeter  as  before.  The  dilutio 
is  1  in  20  instead  of  1  in  10  in  the  method  described  above. 

Method  of  Kuttner  and  Lichtenstein  (Kuttnev  ^nd  Lichtenstein. 

1930  ;  Shinow'ara,  Jones  and  Reinhart,  1942) 

Kuttner  and  Lichtenstein  used  stannous  chloride  as  reducing  agent 

results  accurate  enough  for  (w/v). 

Reagents.  1.  '  y"“‘;;„“''?4.]';,rof  eoneLtrit^  into 

^dmutltm  Xof‘distillc,l  water,  cool,  and  make  up  to  ,  litre. 
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3.  Sodium  molybdate,  7-5  per  cent,  solution.  Remove  by  decant¬ 
ing  or  filtering,  any  deposit  which  settles  out. 

4.  Sulphuric  acid-sodium  molybdate  mixture.  Mix  1  volume  of 
10  N  sulphuric  acid  with  2  volumes  of  water,  cool,  and  pour  into 
1  volume  of  7-5  per  cent,  sodium  molybdate.  Prepare  freshly  at 
frequent  intervals. 

5.  Stock  stannous  chloride  solution.  Forty  per  cent,  in  concen¬ 
trated  hydrochloric  acid.  Dissolve  10  grams  of  stannous  chloride  in 
25  ml.  of  acid.  Although  this  keeps  well  it  is  recommended  that  it  be 
prepared  freshly  every  month  or  two. 

6.  Dilute  stannous  chloride  solution.  Dilute  1  ml.  of  the  stock 
solution  to  200  ml.  with  distilled  water.  Prepare  freshly  before  use. 

7.  Standard  phosphate  solution.  One  ml.  contains  1  mg.  phos¬ 
phorus.  Dissolve  4-394  grams  of  potassium  dihydrogen  phosphate 
in  1  litre  of  distilled  water  and  add  a  few  drops  of  chloroform. 

8.  Standard  phosphate  for  use.  Dilute  the  stock  solution  1  in 
100  before  use,  so  that  1  ml.  contains  0-01  mg.  of  phosphorus. 

Technique.  Add  1  ml.  of  plasma  or  serum  to  4  ml.  of  10  per  cent, 
trichloracetic  acid  in  a  test  tube.  Mix  well  and  filter.  Take  2  ml. 
of  the  filtrate  and  add  to  it  5  ml.  of  distilled  water,  2  ml.  of  the 
sulphuric  acid-molybdate  reagent,  and  1  ml.  of  dilute  stannous 
chloride  solution.  Mix.  Treat  2  ml.  of  the  phosphate  standard 
similarly.  C  ompare  in  the  colorimeter  after  a  few  minutes,  using  a 
red  filter  or  transmission  at  680  millimicrons  with  the  photoelectric 
colorimeter. 

Calculation.  Since  2  ml.  of  filtrate  corresponds  to  0-4  ml.  of  serum, 
and  2  ml.  of  standard  contain  0-02  mg.  phosphorus,  for  the  photo¬ 
electric  colorimeter,  ^ 

Mg.  inorganic  phosphorus  per  100  ml.  serum  or  plasma 


_  Reading  of  unknown 
Reading  of  standard 
_  Reading  of  unknown 


X  0-02 


X  5. 


100 


Reading  of  standard 
A  standard  curve  can  be  prepared  using  the  dilute  standard  ; 


.Mg.  inorganic  phosphorus  per 
100  ml.  .  .  .0 

-Ml.  standard  solution  (1  ml. 

=  0  01  mg.  P)  .  .0 

-Ml.  water  . 
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reagent  and  ,  ^-ann’o.l  ei;,:rid:;"an/ld’:*  for  ,te 

eh!oracS"acS'“mtrIte  '’ftudv°whetr  of  the^tri- 

satisfactorily.  ^  *  >»"'  i*  followed 

interpretation 

and  4-5  mg.  per  100  nd.irmosTSs  ‘’'iT’k  Sct 
whose  normal  range  is  from  4  to  6  mg.  per  loo  ml.  ^  ’  ‘''’''‘'''O'h 


P.C.B. 
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An  increase  in  serum  inorganic  phosphorus  is  found  in  chronic 
nephritis,  rising  progressively  with  increasing  renal  failure,  and 
reaching  a  level  in  the  vicinity  of  20  mg.  per  cent,  in  the  final  stages 
when  uramiic  coma  is  present.  There  is  a  moderate  increase  in 
hypoparathyroidism  in  which  the  low  serum  calcium  levels  are 
associated  with  values  for  serum  inorganic  phosphorus  between  4  and 
7  mg.  per  100  ml. 

As  mentioned  above,  serum  inorganic  phosphorus  is  usually 
reduced  in  rickets,  in  untreated  cases  of  which  it  may  be  down  as  low 
as  2  mg.  per  100  ml.,  rising  on  treatment.  It  also  tends  to  be  rather 
low  in  hyperparathyroidism  when  it  may  be  in  the  region  of  2  mg.  per 
cent.,  but  this  fall  is  not  so  marked  from  the  normal  adult  level  as  is 
the  fall  in  rickets  from  the  normal  level  for  children.  In  osteomalacia, 
adult  rickets,  figures  of  below  2  mg.  per  100  ml.  are  observed. 

There  is  a  normal  physiological  fall  to  below  3  mg.  per  100  ml. 
when  there  is  increased  carbohydrate  utilization.  Injection  of 
insulin  has  the  effect  of  reducing  the  serum  inorganic  phosphorus. 
The  verv  low  levels  which  may  occur  during  the  treatment  of  diabetic 
coma,  when  values  below  1  mg.  per  cent,  may  result,  arise  from  this 

^""sSum  inorganic  phosphorus  is  within  normal  limits  in  all  bone 
conditions  other  than  those  mentioned  above. 


BLOOD  PHOSPHORUS 

It  will  be  convenient  to  introduce  here  a  little  about  the  various 
ohosnhorus  compounds  present  in  blood.  We  have  already  de 
with  inorganic  phosphorus  in  this  chapter  and  with 

""‘'’orglnfc  or  ester  pl.ospl.ort.s,  including  glyeerophosphates. 
nucleotide  phosphates,  hexosephosphate,  and  others. 

rLipid  phosphorus-lecithin,  cephalin,  sph.ngomyehn. 

“ay  hi  "t^lTd'arfoliows  (Sn'onsen  r(  al.  (1946) ;  Stearns  and 
W^arweg  (1933)  )  : 


Total  phosphorus  (as  P) 
Inorganic  phosphorus  . 
Ester  phosphorus 
Acid-soluble  phosphorus 
Lipid  phosphorus 


30-50 
2-  5 
15-30 
20-30 
10-16 


10  -15 

2- 5-  4-5 
0  -  1 

3- 6 
6  -11 


mg.  per  100  ml. 


>) 
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It  is  seen  that  ester  phos})horus  is  much  more  plentiful  in  the  cells 
than  in  the  plasma  in  which  it  is  j)resent  in  only  small  amounts. 

Total  Acid  Soluble  Phosphorus 

Determination 

Total  acid-soluble  phosphorus  is  determined  by  digesting  some  of 
the  trichloracetic  acid  filtrate  with  sulphuric  acid  and  hydrogen 
peroxide  and  estimating  the  inorganic  phosphate  thus  formed  by  the 
method  of  Fiske  and  Subbarow. 

Technique.  Using  whole  Hood,  take  2  ml.  of  the  triehloracetie  aeid 
filtrate  as  prepared  for  estimating  inorganic  phosphorus  and  add  1-5 
ml.  of  10  N  sulphuric  acid.  Digest  over  a  small  flame.  When  the 
mixture  is  brown,  remove  the  flame,  allow  the  tube  to  cool  and  add 
1  drop  of  30  per  cent,  hydrogen  peroxide.  Heat  again,  repeating 
this  process  until  the  mixture  is  colourless.  Then  cool,  add  a  few 
ml.  of  water  and  bring  to  the  boil.  After  cooling,  transfer  to  a  25  ml. 
volumetrie  flask  bringing  to  about  15  ml.  with  water.  Add  2-5  ml. 
of  2-5  per  cent,  ammonium  molybdate  and  1  ml.  of  aminonaphthol- 
sulphonic  acid.  Make  up  to  the  mark,  mix,  and  after  standing 
five  minutes,  read  in  the  colorimeter.  Carry  through  a  blank  and 
standard,  digesting  and  developing  the  colour  as  for  the  test.  For 
the  blank  use  water  instead  of  the  blood  specimen,  for  the  standard 
a  vo^me  containing  0-1  mg.  of  phosphorus  (1-25  ml.  of  the  stronger 
standard  on  p.  302,  or  1  ml.  of  a  solution  containing  0-439  gram  of 
pure  potassium  dihydrogen  phosphate  in  a  litre  of  solution  containing 
10  ml.  10  N  sulphuric  acid.)  ® 

Calculation.  Two  ml.  of  filtrate  correspond  to  0-4  ml.  of  the  blood 
specimen  and  the  standard  contains  0-1  mg.  phosphorus.  So,  using 
the  photoelectric  colorimeter  ® 

Mg.  acid  soluble  phosphorus  per  100  ml. 

_ Reading  of  unknown  ^  ,  100 

Reading  of  standard  ^  ^  ^ 

_  Reading  of  unknown 


X  25. 


Reading  of  standard 

colorimeter  or  read  against  the  blank  in  a 

satisfactory  for  whole  blood.  For  serum  take  i  ml 
of  tnehloracetic  ae.d  Hltrate  and  make  up  to  10  ml  fnTtead  of  ot  ' 
when  developing  the  colour  Pnf  nry  q  d  i  i  ^  ot  25  ml. 

Mg.  acid  soluble  phosphorus  per  100  ml.  serum 

_ Reading  of  unknown 

Reading  of  standard  ^ 

Phosphorus  Excretion 

DeterminaHon  of  Inorganic  Phosphorus  in  Urine 

Ihe  methods  used  for  serum  .1,  plasma'^er  be  applied  to  urine. 
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Method  of  Fiske  and  Subbarrow  (1925) 


Reagents.  These  are  the  same  as  for  serum  (p.  302). 

Technique.  Dilute  the  urine  1  in  10  unless  it  is  a  very  dilute  one, 
vNdren  a  dilution  of  1  in  5  should  be  used.  Pipette  1  ml.  of  diluted 
urine  into  a  10  ml.  stoppered  measuring  cylinder.  The  best  amount 
of  urine  to  use  is  that  which  contains  between  0-02  and  0-08  mg. 
inorganic  phosphorus.  Add  water  to  about  7  ml.  followed  by  1  ml. 
of  molybdate  reagent  I,  and  then  0*4  ml.  of  0'25  per  cent,  amino- 
naphtholsulphonic  acid.  Mix  gently  after  each  addition.  Finally, 
make  up  to  the  mark  with  w'ater.  Prepare  a  standard  at  the  same 
time,  using  5  ml.  of  standard  containing  0-04  mg.  of  phosphorus,  and 
treat  in  the  same  way  as  the  unknown.  Compare  in  the  colorimeter 

as  before.  ,  i  ^ 

Calculation.  Using  1  ml.  of  urine  diluted  1  m  10,  for  the  photo¬ 
electric  colorimeter : 

Mg.  inorganic  phosphorus  per  100  ml.  of  urine 


Reading  of  unknown 
Reading  of  standard 
Reading  of  unknown 
Reading  of  standard 


100 

oT 


For  a  dilution  of  1  in  5  the  factor  is  20.  u 

The  standard  curve  prepared  for  the  serum  determination  can  be 
used  bearing  in  mind  that  the  urine  is  diluted  ten  tunes  more  than 
^hrserum,  so  that  the  result  as  read  from  the  curve  must  be  multiplied 
bv  10  for  urine  diluted  1  in  10,  and  by  5  for  urine  diluted  1  m  5 
^Note  If  proteins  are  present  in  the  urine  so  that  addition  of  the 
1  u  i  npnses  turbiditv  they  must  be  removed.  This  can  be 
done  by  adding  10  per  cent,  trichloracetic  acid.  Take  4  volumes  of 
Ws  to  1  volume  of  urine,  mix  well  and  filter.  Use  an  amount  of 
ifltrate  between  0-5  and  1  ml.  equivalent  to  0-1  to  0-2  ml.  ol  urine  a 

proceed  as  above. 


mainly  on  the  a  i  ,  -  i  gram  (as  phosphorus).  This 

excretion  on  an  aveiag  inorganic  phosphates  belong 

is  nearly  all  fto  ^ther  Ine,  twoTr  tUe  oUhe  hydrogen 

to  three  types  accordii  g  bv  the  metal.  Thus  we  have 

atoms  of  phosphoric  hPQ  NaH^PO^  ;  Ca3(P04)2, 

for  sodiuni  and  ’  The  dihydrogen  salts  have  an  acid  reaction, 

CaIIP04,  Cajllo  4)2-  1.  ,j  ^The  dihydrogen  salts  of  calcium  and 
the  monohydrogen  an  ^  nionohydrogen  so  that  these 

„.agnesium  .n»re  "  an  the  mo,^  .y  ^^^g 

latter  precipitate  ^  y  Such  a  precipitation  is  due  to 

Ind^d  iriiidieate  any  increased  excretion  of 

phosphates. 
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Ordinarily  phosphorus  in  the  urine  is  almost  entirely  inorganic 
phosphorus.  Strictly  speaking  in  determining  the  total  phosphorus, 
organic  matter  should  be  destroyed.  This  can  be  done  by  heating 
the  urine  with  sulphuric  acid,  1  ml.  of  urine  with  1  ml.  of 
concentrated  sulphuric  acid,  completing  the  oxidation  with  hydrogen 
peroxide  (100  volumes)  added  drop  by  drop.  When  clear,  add  2  to 
3  ml.  of  distilled  water,  boil  for  tw'o  to  three  minutes,  cool,  make  up 
to  10  ml.  with  water,  take  1  ml.  and  proceed  as  above  for  inorganic 
phosphorus. 

Estimation  of  urinary  phosphorus  is  rarely  done  except  as  part  of 
metabolism  experiments  and  in  research.  There  is  increased  excre¬ 
tion  of  phosphorus  in  the  urine  in  hyperparathyroidism  ;  giving 
parathyroid  hormone  has  a  similar  effect.  Diminished  production 
of  parathyroid  hormone  has  the  opposite  effect  so  that  in  hypopara¬ 
thyroidism  there  is  reduced  excretion  of  inorganic  phosphorus.  It 
is  also  reduced  in  rickets  due  to  the  impaired  absorption  of  phos¬ 
phorus  in  that  condition.  Treatment  with  either  vitamin  D  or 
ultraviolet  light  leads  to  an  increase  in  the  output  of  phosphorus  in 
the  urine. 

Faecal  Phosphorus 

The  phosphorus  in  faeces  is  in  both  organic  and  inorganic  form. 
Since  an  estimation  of  this  would  only  be  carried  out  in  metabolism 
experiments  it  is  total  phosphorus  which  must  be  determined.  For 
this  purpose  it  is  best  to  dry  the  faeces,  determine  their  weight, 
powder  well,  weigh  out  about  1  gram  and  ash  in  an  electric  furnace 
at  a  temperature  of  about  400°  C.,  rather  below  red  heat.  Dissolve 
the  powder  in  25  ml.  of  20  per  cent,  trichloracetic  acid,  filter  into  a 
200  ml.  flask,  washing  in  with  further  trichloracetic  acid  up  to  25  ml. 
and  then  make  up  to  the  mark  with  water.  Take  1  ml.  of  this 
solution  and  estimate  the  phosphorus  content  as  described  under 
serum  inorganic  phosphorus. 

On  an  adequate  intake  of  phosphorus,  about  1  to  2  grams  daihP 
intake  and  output  balance  and  about  two-thirds  of  the  phosphorvis 
excreted  is  found  in  the  urine,  about  one-third  in  the  fa?ces. 


PHOSPHATASES 


Phosphatases  are  enzymes  which  catalyze  the  splittin^r  off  of' 
phosphoric  acid  from  certain  monophosphoric  esters^ a  rea^’ction  of 
considerable  importance  in  several  body  processes. 

lu  phosphatase  are  commonly  estimated  in  serum  an 

maximum  activitv  at  pH  10  and  an 

most  commonly  used  is  that  J  '  The  method 

formed  is  estinmted  colorimrtricaUy  “ 
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Serum  Alkaline  Phosphatase 

Determination.  Method  of  King  and  Armstrong.  (King  and 
Armstrong,  1934  ;  King  et  al.,  1937,  1942) 

Reagents.  1.  M/100  disodium  phenyl  phosphate.  Dissolve  109 
grams  in  water  and  make  up  to  500  ml.  Bring  quickly  to  the  boil. 
Cool,  add  a  little  chloroform  and  keep  in  the  refrigerator. 

2.  M/10  sodium  carbonate — sodium  bicarbonate  buffer.  Dissolve 
3*18  grams  of  anhydrous  sodium  carbonate  and  1-68  grams  of  sodium 
bicarbonate  in  water  and  make  up  to  500  ml. 

3.  Buffered  substrate  for  use.  Prepare  by  mixing  equal  volumes 
of  solutions  1  and  2.  This  has  a  pll  of  10. 

4.  Phenol  reagent  of  Folin  and  Ciocalteu  (1927).  Dissolve  100 
grams  of  sodium  tungstate  (Na2W04,  2H2O)  and  25  grams  of  sodium 
molybdate  (Na2Mo04,  2H2O)  in  about  700  ml.  of  water  in  a  2  litre 
round  bottomed  flask.  Add  50  ml.  of  syrupy  85  per  cent,  phosphoric 
acid  and  100  ml.  of  concentrated  hydrochloric  acid.  Reflux  for  ten 
hours.  Use  all-glass  apparatus  if  possible,  otherwise  wrap  the  stopper 
in  tin  foil.  Add  150  grams  of  lithium  sulphate,  50  ml.  of  water  and 
a  few  drops  of  bromine.  Boil  without  a  condenser  for  about  a 
quarter  of  an  hour  to  remove  the  excess  of  bromine.  Cool,  make  up 
to  a  litre,  and  filter.  The  solution  should  have  no  greenish  tint. 
This  is  an  improved  phenol  reagent  which  reduces  the  possibility  of 

turbiditv  due  to  insoluble  urates.  .  •  xu  4.  • 

Dilute  this  solution  1  in  3  for  use  in  this  determination,  that  is, 

to  1  volume  of  phenol  reagent  add  2  volumes  of  water. 

5.  Twenty  per  cent,  sodium  carbonate  solution.  Dissolve  20  grams 
of  anhydrous  sodium  carbonate  in  w^ater  and  make  up  to  100  ml.  is 
solution  is  almost  saturated  at  room  temperature  and  so  should  be 
kept  in  a  warm  place  to  prevent  the  salt  from  crystelhzmg  out 

Q.  Standard  phenol  solution.  Stock  solution.  One  hundied  mg. 
of  phenol  per  100  ml.  of  solution.  Dissolve  1  gram  of  pure  crystalline 
phenol  in  N/10  hydrochloric  acid  and  make  up  to  1  litre  with  the  acid. 
This  can  be  standardized  as  follows  :  25  ml-  into  a  ml.  Hask. 

Add  50  ml.  of  N/10  sodium  hydroxide  and  heat  to  65  C.  to  tlie 
solution  add  25  ml.  of  N/10  iodine.  Stopper  and  allow  to  stand  for 
thirty  to  forty  minutes.  Add  5  ml.  of  concentrated 
and  titrate  tL  excess  iodine  with  N/10  sodium  thiosulphate.  Each 

diluted  phenol  reagent  and  make  up 

o?t™m/reLablywitlmutre™^^^^^ 

and  allow  to  remain  in  the  bath  exactly 
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remove  and  immediately  add  2’7  ml.  of  the  diluted  phenol  reagent. 
At  the  same  time  set  up  a  tube  for  the  blank  containing  6  ml.  of 
substrate  and  0-3  ml.  of  serum  to  which  is  added  immediately  2*7  ml. 
of  diluted  phenol  reagent.  Mix  well  in  both  cases  and  filter  or 
centrifuge. 

Take  4  ml.  of  filtrate  from  each  and  add  1  ml.  of  20  per  cent, 
sodium  earbonate.  Put  up  a  standard  prepared  by  adding  1  ml.  of 
sodium  carbonate  solution  to  4  ml.  of  the  standard  phenol  and 
reagent.  Place  the  three  tubes  in  the  37°  C.  water  bath  for  fifteen 
minutes  and  read  in  the  colorimeter.  The  method  is  most  conve¬ 
niently  used  with  the  photoelectric  colorimeter.  A  red  filter  is  used, 
with  transmission  at  680  millimicrons. 

Calculation.  The  result  is  expressed  in  mg.  of  phenol  liberated  by 
100  ml.  of  serum  in  fifteen  minutes  at  37°  C.,  each  unit  corresponding 
to  the  liberation  of  a  mg.  of  j)henol  per  100  ml.  of  serum. 

It  is  seen  that  for  the  photoelectric  colorimeter 

Mg.  phenol  per  100  ml.  unknown 


Reading  of  unknown 
Reading  of  standard 


X  amount  of  phenol  in  standard 


_ 100 _ 

amount  of  serum  used* 


Reading  of  unknown 
Reading  of  standard 

Reading  of  unknown 

Reading  of  standard 


X  0-02  X  7  X 
4 

X  15. 


100 

¥3 


Units  phosphatase  per  100  ml.  serum 
Reading  of  unknown 
Reading  of  standard  ^  ~ 


Reading  of  blank 
Reading  of  standi  ^ 


For  the  photoelectric  colorimeter  a  standard  curve  can  be 
as  follows  using  the  diluted  phenol  standard  (7)  above  : 


prepared 


Mp.  phenol  per  100  ml.  serum  0  6 

Ml.  dilute  phenol  standard  .  0  0-2 

Ml.  water  .  .  .7.0  g.g 

.Add  3  0  ml.  of  dilute  Folin  and  Ciocalte 
carbonate  and  proceed  as  described  above. 


12  18  24  30  36 

0-4  0-6  0-8  1-0  1-2 

6-6  6-4  62  60  5-8 

reagent  and  2  5  ml.  of  20  per  cent 


Read  unknown  and  blank  and  subtract  the  mg.  phenol  per  100  ml  of 

loo  mlrm^  oFphosphaJa:' 

phenyl  phosphate  in  M/20  sodiC  barbitoLe  '^.n^^riJ'^f 
109  grams  of  disodium  phenyl  phosnhate  and  in  a  dissolving 

refrigerator.  The  pll  at  which  the  test  ”ea“rLdZt  wTs  aCt 
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9*0.  Incubation  was  for  thirty  minutes  since  phosphatase  activity 
at  such  a  pH  is  only  about  half  that  at  the  pH  of  the  carbonate- 
bicarbonate  buffer.  By  using  different  times  of  incubation,  however, 
the  normal  range  is  the  same  in  each  case.  Furthermore,  the 
phosphatase  activity  is  changing  in  a  marked  way  at  a  pH  about  9  0 
but  has  a  fairly  flat  peak  in  the  region  of  pH  10.  Small  variations 
in  pH  thus  cause  much  smaller  differences  in  phosphatase  activity 
with  the  carbonate-bicarbonate  buffer. 

2.  With  high  serum  phosphatase  values  it  is  advisable  to  use  less 
serum,  since  the  reaction  ceases  to  be  proportional  to  the  amount  of 
phosphatase  present.  So  for  values  of  more  than  40  units  per  100  ml. 
dilute  the  serum  1  in  5  and  repeat.  Occasionally  it  may  be  necessary 
to  dilute  even  more.  With  such  a  modification,  values  of  100  to 
200  units  are  not  uncommon,  and  even  higher  figures  may  be  obtained, 
though  only  rarely. 


Determination  of  Alkaline  Phosphatase  by  Measuring  Liberated 
Inorganic  Phosphate  (Method  of  King,  Abul-Fadl,  and  Walker, 

1951)  .  ^  . 

In  some  bone  diseases,  estimation  of  inorganic  phosphate  is 

required  as  well  as  alkaline  phosphatase,  so  that  it  is  convenient,  if 
possible,  to  determine  them  together.  King  has  adapted  his  method 
for  alkaline  phosphatase  so  that  this  can  be  done. 

Reagents.  1.  Buffer  substrate.  As  for  the  previous  method. 

2.  Trichloracetic  acid,  20  per  cent.  (w/v). 

3.  Acid  molybdate  solution.  Dissolve  5  grams  of  ammonium 
molybdate  in  5N  sulphuric  acid.  (Add  14  ml.  of  concentrated  acid 

slowly  to  86  ml.  water  to  prepare  the  acid.)  . 

4.  1  :  2  :  4  aminonaphtholsulphonic  acid  reducing  reagent.  As  tor 

estimation  of  inorganic  phosphate.  o  iqi 

6.  Stock  phosphate  standard  (1  mg  P.  per  ml.).  Dissolve  2dW 
grams  of  pure  potassium  dihydrogen  phospliate  (KHjPO,)  in  wate  , 

'*Tethn1que^%reasure  6  ml."onnif®er  substrate  into  a  ™^aWe  test 

T  *  m  "stoppl"  theiube‘  mix?  and  rnfuba™"m  Mtei  minutes: 
U?“hetTe?\nd  at  once  add  1-2  ml.  of  20  per  cent,  trichloracetic 

trichloracetic  acid,  mix  and  filter  ^  f  phosphate 

Pipette  5  -'horn;  three 

"amfoonaphtLlulphonic  acid.  Mix,  stand  ten  „,„utes,  and 

riad  in  the  photoelectric  “l^i^Tven  by  the  control  : 

Calculation.  The  inorganic  phospliate  is  g  y 

Mg.  inorganic  phosphorus  per  100  ml. 
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Reading  of  control 
Reading  of  standard 

Reading  of  control 


X  0  02  X 


X  10. 


100 


Reading  of  standard 

The  alkaline  phosphatase  is  given  by 
Units  alkaline  phosphatase  per  100  ml. 

Reading  of  unknown  —  Reading  of  control  —  Reading  of  blank 
~  Reading  of  standard 

X  0-02  X  3  X  i.e.  X  30. 

The  0-02  is  from  the  mg.  P  in  the  standard  ;  0-2  is  the  volume  in  ml. 
of  plasma  in  5  ml.  of  filtrate  ;  and  the  factor  3  is  introduced  in  order 
that  the  normal  range  may  be  the  same  as  that  given  for  the  method 
estimating  the  amount  of  phenol  liberated.  One  phosphate  group  is 
liberated  and  one  phenol  group.  The  ratio  of  P  to  CgHgOH  is  31  to 
94,  so  that  1  mg.  of  phosphorus  is  very  nearly  equal  to  3  mg.  of  phenol. 
Hence  the  factor  3, 

Note.  King  has  also  published  a  variation  of  this  method  using 
stannous  chloride  as  the  reducing  agent.  This  can  be  done  on  only 
OT  ml.  of  serum. 

Other  Methods.  Hydrolysis  of  sodium  ^-glycerophosphate  at 
pH  8-6  for  one  hour  at  37°  C.  is  used  in  the  method  of  Bodansky 
(Bodansky,  1932,  1933,  1937  ;  see  also  Shinowara  et  al.,  1942).  The 
amount  of  inorganic  phosphorus  liberated  is  measured.  This  method 
has  been  widely  used,  particularly  in  America.  Each  unit  corre¬ 
sponds  to  1  mg.  of  inorganic  phosphorus  liberated  per  100  ml.  of 
serum.  The  normal  range  is  1-5  to  4  units  per  100  ml.  for  adults 
and  up  to  12  units  per  100  ml.  for  children. 

Huggins  and  Talalay  (1945)  used  hydrolysis  of  sodium  phenolph- 
thalein  phosphate,  determining  the  amount  of  hydrolysis  by  making 
alkaline.  Bessey  et  al,  (1946)  hydrolyzed  ^j-nitrophenyl  phosphate, 
measuring  the  amount  of  yellow  p-nitrophenol  liberated.  These 
methods  are  described  by  Milton  and  Waters  (1949). 

interpretation 

,  phosphatase  is  found  in  a  number  of  organs,  bein^  most 

plentiful  m  the  small  intestine,  bones  and  kidneys.  The  normal  range 

phosphatase  by  the  King- Armstrong  method 
om  o  3  units  per  100  ml.,  with  rather  higher  values  for  children 

S  In  -ht'tpTo 

of  in.  certain  bone  diseases  and  in  some  types 

beL  disonssed  p 

whe",ne  reg™eration\s"tek^  pl>ospliatase  activity  is  inereascl 
not  found  wfSrSe  s  bone  destin’  It  is 

rormation  of  new  H^rott^dl"^^^ 
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increase  in  rickets,  in  which  there  is  frustrated  attempt  at  bone 
formation,  the  increases  roughly  paralleling  the  severity  of  the 
condition.  Values  of  more  than  100  units  may  be  obtained.  There 
is  also  an  increase  in  osteomalacia,  adult  rickets,  but  it  is  not  usually 
so  marked  as  in  children.  In  osteitis  deformans  (Paget’s  disease), 
particularly  high  figures  are  seen,  arising  from  the  abnormal  prolifera¬ 
tion  of  bone  which  is  occurring.  The  serum  level  often  exceeds 
100  units  per  100  ml.  and  on  occasion  may  be  over  200  units.  In  one 
case  the  author  found  a  value  of  550  units  per  100  ml.  In  hyper¬ 
parathyroidism  the  bone  destruction  is  more  extensive  than  the  bone 
regeneration,  the  reverse  of  the  state  of  affairs  in  Paget’s  disease,  so 
that  although  there  is  some  increase  in  the  serum  alkaline  phospha¬ 
tase,  this  is  not  usually  so  marked  and  is  mostly  found  to  be  in  the 
range  20  to  70  units,  but  with  occasional  findings  up  to  about 
100  units. 

In  hone  tumours  the  findings  are  variable,  depending  on  the  amount 
of  bone  formation  taking  plaee.  Marked  inereases  may  be  found  in 
osteogenic  sarcomas  but  in  other  cases,  normal  or  nearly  normal 
results  are  obtained.  In  the  patients  with  seeondary  deposits  in 
bones,  increases  may  occur,  sometimes  appreciable.  In  multiple 
myeloma  in  which  the  lesion  is  almost  purely  destruetive,  serum 
alkaline  phosphatase  is  usually  within  normal  limits,  with  never  more 
than  very  small  increases. 

In  the  steatorrhaeas  the  impaired  absorption  of  vitamin  D  and  of 
calcium  leads  to  bone  changes,  and  to  small  to  moderate  increase  in 
serum  alkaline  phosphatase,  usually  to  between  20  and  60  units  per 
100  ml. 

It  is  thus  seen  that  although  increases  tend  to  be  greater  m  some 
conditions  than  in  others,  alkaline  phosphatase  estimation  alone  is  of 
limited  value  in  bone  disease.  For  differential  diagnosis  it  is  neees- 
sary  to  take  the  findings  in  conjunction  with  those  for  other  consti¬ 
tuents  of  serum,  sueh  as  caleium,  inorganic  phosphorus  and  proteins. 


Serum  Acid  Phosphatase 

Determination  (Gutman  and  Gutman,  1938,  1940) 

The  King-Armstrong  method  for  alkaline  phosphatase  was  adapted 
for  the  estimation  of  acid  phosphatase  by  Gutman  and  Gutman,  who 
substituted  a  different  buffer  so  that  the  reaction  could  be  carried 

^^Reagents^  ^'l.  M/100  disodium  phenyl  phosphate.  Dissolve  1-09 
(Trams  in  water  and  make  up  to  500  ml. 

^  2  Citric  acid— sodium  citrate  buffer.  Dissolve  21  grams  o 

crystalline  citric  acid  in  water  and  add  188  ml.  of 

hydroxide  and  make  up  to  500  ml.  with  water  Adjust  to  pll  4-9  by 

adding  sodium  hydroxide  or  hydrochloric  acid.  r  IT  O  Na 

Alternatively,  dissolve  29-41  grams  of  sodium 
211  O  in  0-2  N  hydrochloric  acid  and  make  up  to  o  . 

Keep  solutions  1  ami  2  in  the  refrigerator. 
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3.  Buffer  substrate.  Prepare  freshly  for  use  by  mixing  equal 
quantities  of  the  two  solutions  given  above. 

The  other  solutions  required  are  the  same  as  for  the  estimation  of 
serum  alkaline  phosphatase. 

Technique.  The  method  is  almost  the  same  as  that  given  for  serum 
alkaline  phosphatase.  Use  6  ml.  of  the  buffer  substrate  with  0-3  ml. 
of  serum  and  incubate  for  one  hour  at  37°  C.  Subsequent  procedure 
is  identical  with  that  given  previously. 

Calculation.  The  result  in  this  case  is  expressed  in  terms  of  the 
mg.  of  phenol  liberated  by  100  ml.  serum  in  one  hour  at  37°  C.,  each 
unit  corresponding  to  1  mg.  of  phenol  thus  formed.  The  calculation 
is  thus  exactly  the  same  as  that  given  for  alkaline  phosphatase. 

Notes.  1.  Serum  for  the  estimation  should  be  separated  without 
haemolysis  (see  below)  and  kept  frozen  in  the  refrigerator  if  the 
estimation  cannot  be  carried  out  on  the  day  the  blood  was  taken, 
which  is  preferable.  Prostatic  acid  phosphatase  is  heat  labile  and 
becomes  inactivated  if  the  serum  is  kept  at  37°  C.  for  an  hour. 

2.  The  reading  of  the  blank  ultimately  tends  to  rise  on  keeping 
the  solutions,  usually  becoming  noticeable  after  some  tw'o  to  three 
weeks.  If  this  occurs  fresh  solutions  must  be  made. 


3.  As  with  the  alkaline  phosphatase,  if  high  values  are  obtained 
the  estimation  should  be  repeated,  using  diluted  serum.  This  is  best 
done  with  \alues  of  more  than  about  40  units  per  100  ml.,  otherwise 
high  values  will  be  useless  for  comparative  purposes.  Dilution 
should  be  such  as  will  bring  the  reading  to  below  this  level. 

4.  In  the  original  method  the  time  of  incubation  was  three  hours. 
It  IS,  however,  more  convenient  to  use  one  hour.  The  method  is  then 
a  little  less  accurate  for  low  values  and  the  upper  limit  of  normal  is  a 
little  higher. 

Determination  of  Alcohol  Stability.  Herbert  (1946)  showed  that 
whereas  the  acid  phosphatase  normally  present  in  serum  is  not 
affected  by  alcohol,  that  produced  by  prostatic  tissue  is  inactivated  if 
the  serum  IS  allowed  to  stand  with  added  alcohol.  To  determine 
the  amount  of  alcohol  stable  acid  phosphatase  add  0-12  ml.  of  absolute 
ethyl  alcolwl  to  0-3  ml.  of  serum  and  allow  to  stand  for  thirtv 
minutes.  Then  add  6  ml.  of  the  buffer  substrate,  incubate  for  one 
hour  and  proceed  as  before.  By  determining  the  acid  phosphatase 

add  ~o  hhaTd^ 

srSsfr 

prostatic  and  red  cell  acid  '  ^.^^^hermore,  both 

Abul  Fadl  and  King  (1948)  Showed  that  ^^^^tivated  by  alcohol, 
between  the  red  cell  aciH  4-  possible  to  differentiate 

tissue.  Ked  cell  Lw  that  arising  from  prostate 

015  ml.  of  20  per  cent  nJutrafform  u'l  inactivated  if 

substratc-serunr  nnxture.  Alternativdj^  incite  “l  pS 
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cent,  formaldehyde  in  100  ml.  of  the  acid  buffer.  Prostatic  acid 
phosphatase  is  not  affected.  Acid  phosphatases  from  other  tissues 
which  contribute  to  the  small  amount  of  acid  phosphatase  normally 
present  in  the  serum  are  variably  inactivated  by  the  formaldehyde. 
So  if  a  high  acid  phosphatase  is  obtained  after  treatment  with 
formaldehyde  the  evidence  is  strongly  in  favour  of  its  prostatic  origin 
which  can  be  further  confirmed  by  the  alcohol  treatment. 

INTERPRETATION 

Acid  phosphatases  which  contribute  to  the  normal  acid  phosphatase 
present  in  plasma  are  found  in  a  number  of  tissues,  such  as  bone, 
kidney,  spleen,  liver,  pancreas.  There  is  a  large  amount  in  adult 
prostate  tissue  and  in  the  prostatic  secretion. 

The  normal  serum  acid  phosphatase  ranges  from  1  to  5  units  per 
100  ml.  This  is  non-prostatic  in  origin  and  is  found  in  the  serum  in 
both  sexes  at  all  ages. 

The  estimation  is  carried  out  in  connection  with  malignant  disease 
of  the  prostate.  It  has  been  found  that  in  some  cases  of  malignant 
prostate  with  secondaries  (in  bone)  the  serum  acid  phosphatase  may 
be  increased,  sometimes  very  greatly.  Some  illustrative  finds  are 
those  of  Herbert  (1946)  and  of  Sullivan  et  al.,  (1942).  These  are 
tabulated  below,  in  Table  XVII. 


Table  XVII. 

Variations  in  Acid  Phosphatase  in  Disease  of  the  Prostate 


1.  Herbert  (1946)  ••••„■ 

1-5 

5-10 

10-20 

20-50 

50-100 

Over  100 

Carcinoma  with  bone  metastases.  35 

6  (17%) 

8  (23%) 

7  (20%) 

4  (11%) 

6  (17%) 

4(11%) 

(Carcinoma  without  bone  metastases.  47 

35  (74%) 

8  (17%) 

3  (7%) 

1  (2)% 

Senile  hypertrophy.  95  cases 

93  (98%) 

2  (2%) 

2.  Sullivan  et  al.  (1942)  ■  ■ 

0-3 

3-4-9 

5-9-9 

10-100 

lOO-lOOO 

Over 

1,000 

(Three  hours  incubation.) 

Carcinoma  with  bone  metastases  .  • 

Carcinoma  without  bone  metastases 

15% 

89% 

12% 

11% 

25% 

35% 

9% 

-1% 

It  will  be  seen  that  some  very  high  values  tor  acicl  pnospnj^ase 

r-fi.  £■ = S 

f  -'I  ■'  •"■>'"■  '■  •“ 

addition  of  the  increase  of  acid  phos- 

PrarelL™lnjn\tTuthor'sexp^ 

Alcohol  stable  acid  phosphatase,  4*5  units  pe 
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On  the  other  hand,  small  increases  in  serum  acid  phosphatase  up  to 
about  12  units  per  100  ml.  are  found  in  diseases  such  as  Paget’s 
disease  of  bone,  in  which  there  is  a  very  high  alkaline  phosphatase. 
In  such  cases  the  whole  of  the  serum  acid  phosphatase  is  found  to  be 
alcohol  stable. 

It  should  be  noted  that  the  agreement  between  total  and  alcohol 
stable  acid  phosphatase  in  non-prostatic  cases  is  not  exact  and  the 
difference  may  be  as  much  as  ±  1  unit  per  100  ml.  If  the  total 
serum  acid  phosphatase  is  within  normal  limits  it  is  very  doubtful 
if  any  conclusion  should  be  drawn  from  a  difference  between  the  total 
and  alcohol  stable. 

Determination  of  serum  acid  phosphatase  may  then  be  of  value  in 
establishing  a  diagnosis  of  metastasising  prostatic  carcinoma.  The 
realization  that  such  secondary  deposits  are  of  mature  prostate 
tissue,  and  the  known  connection  of  prostate  development  with  male 
sex  hormone  production,  led  to  the  treatment  of  the  condition  with 
oestrogens,  particularly  with  the  synthetic  product  stilboestrol,  with 
the  object  of  neutralizing  the  effect  of  the  male  sex  hormones,  or  by 
orchidectomy,  to  diminish  the  output  of  such  hormones.  These 
treatments  have  met  with  an  undoubted  measure  of  success.  They 
lead,  if  effective,  to  a  fall  in  the  serum  acid  phosphatase,  estimation 
of  which  is  accordingly  used  in  helping  to  assess  the  effect  of  such 
treatment.  It  should  be  noted  that  the  alkaline  phosphatase,  which 
is  frequently  raised  in  these  cases  of  metastasing  prostate  carcinoma, 
though  usually  only  moderately,  often  rises  further  on  successful 
treatment  being  initiated,  to  fall  later  if  bone  repair  has  been  effected. 
Accordingly  estimation  of  both  acid  and  alkaline  phosphatase  mav 
yield  useful  information  during  the  treatment  of  these  cases. 
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CHAPTER  XVI 1 


IODINE,  IRON  AND  COPPER, 

SULPHUR,  MAGNESIUM 

In  this  chapter  we  shall  consider  several  inorganic  elements  which 
are  not  so  frequently  determined  as  those  so  far  discussed. 


IODINE 

Since  iodine  is  present  in  thyroxine,  interest  in  it  is  almost  entirely 
concerned  with  disorders  of  the  thyroid  gland.  Under  normal 
conditions  almost  all  the  blood  iodine  is  in  the  plasma.  Less  than  a 
third  of  this  is  present  as  inorganic  iodine  compounds,  the  remainder 
being  organic  and  bound  to  protein  (albumin).  Whilst  the  nature 
of  all  this  protein-bound  iodine  is  not  known,  about  two-thirds  of  it 
appears  to  consist  of  thyroxine  or  compounds  which  behave  similarly. 
Hence  variations  in  protein-bound  iodine  are  related  to  changes  in 
activity  of  the  thyroid. 

The  amount  of  iodine  present  in  the  plasma  both  in  health  and 
disease  is  so  small  that  the  determination  is  not  easy  and  requires 
great  care.  Both  total  iodine  and  protein-bound  iodine  have  been 
determined.  A  method  for  protein-bound  iodine  is  given.  This  is  a 
slight  modification  of  that  of  Barker  (1948).  For  other  methods  see 
McCidlough  (1934),  Trevarrow  and  Fashena  (1935),  Taurog  and 
Chaikoff  (1946).  An  extensive  bibliography  of  the  literature  dealing 
with  iodine  determination  is  given  by  Rapport  and  Curtis  (1950), 
who  also  review  in  detail  the  clinical  significance  of  the  estimation. 


Determination  of  Protein-bound  Iodine.  Method  of  Barker, 
Humphrey,  and  Soley  (1951) 

The  proteins  are  precipitated,  and  after  washing,  are  incinerated 
at  a  high  temperature  in  the  presence  of  alkali,  and  the  amount  of 
inorganic  iodide  formed  is  determined  colorimetricallv  using  the 
catalytic  decolorization  of  a  ceric  sulphate  solution  by  arsenious  acid. 

Reagents.  1.  Ten  ])er  cent,  zinc  suljihate  solution.  Dissolve  100 
grams  of  ZnSO^,  THgO  in  water  and  make  up  to  1  litre. 

hydroxide.  When  10  ml.  of  the  zinc  sulphate 
solution  IS  diluted  to  about  GO  ml.  with  water,  10-8  to  11-2  ml.  of  this 
solution  should  be  required  to  give  a  faint  permanent  pink  colour 
M’lth  phenolphthalein.  ^ 

3.  4  N  sodium  carbonate. 

about^™' ml 'nf""  ™‘><=entrated  acid  alowlv  to 

about  7o0  ml.  of  water,  cool,  and  make  up  to  1  litre. 
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0.  N/5()  ceric  ammonium  sulphate  solution.  Dissolve  12-65  grams 
in  500  ml.  of  water  plus  230  ml.  of  7  N  sulphuric  acid,  and  when 
clear  make  up  to  a  litre  with  water. 

7.  N/10  sodium  arsenite.  Dissolve  4-95  grams  of  arsenious  oxide 
in  25  ml.  of  N  sodium  hydroxide  with  warming.  Dilute  with  about 
300  ml.  of  water  and  add  dilute  sulphuric  acid  until  slightly  acid  to 
litmus  paper  (about  4  ml.  of  the  7  N  acid  are  required).  Make  up  to 
a  litre  with  water. 

8.  Iodide  standards.  Dissolve  either  118-1  mg.  of  sodium  iodide 
or  130-8  mg.  of  potassium  iodide  in  water  and  make  up  to  1  litre. 
Use  only  highest  purity  reagents  dried  in  a  desiccator.  These 
solutions  contain  100  micrograms  of  iodine  per  ml.  Prepare  a  more 
dilute  stock  solution  by  diluting  2  ml.  of  this  to  1  litre.  Prepare  the 
standard  for  use  at  least  weekly,  by  diluting  10  ml.  of  the  dilute  stoek 
standard  to  50  ml.  This  now  contains  0-04  microgram  iodine  per  ml. 
All  these  solutions  keep  in  the  refrigerator. 

Make  up  all  the  above  solutions  with  double  distilled  water.  If 
too  high  a  blank  is  still  obtained,  it  may  be  necessary  to  distil  the 
water  with  such  substances  as  alkali  and  permanganate.  Use 
reagents  of  the  highest  purity  with  proved  low  blanks  throughout. 

Technique.  Carry  out  the  determination  in  duplicate.  Measure 
1  ml.  of  serum  into  a  Pyrex  test  tube  (125  X  15  mm.),  dilute  with 
7  ml.  of  distilled  water  and  add  1  ml.  of  10  per  cent,  zinc  sulphate. 
Mix  with  a  narrow  glass  rod  (about  2  mm.  in  diameter),  add  1  ml.  of 
N /2  sodium  hydroxide,  and  mix  well.  Remove  any  material  adhering 
to  the  rod  by  rotating  it  against  the  inner  wall  of  the  tube.  Centri¬ 
fuge  for  ten  minutes  and  pour  off  the  supernatant  fluid.  Add  10  ml. 
of  distilled  water  and  resuspend  the  protein  precipitate  with  the 
stirring  rod  already  used.  Do  not  stir  too  vigorously  but  only 
sufficiently  to  obtain  a  uniform  suspension.  Centrifuge  again  and 
discard  the  supernatant  fluid.  Carry  out  two  further  washings  in  the 


Aft^^finally  pouring  off  the  supernatant  fluid,  add  0-8  ml.  of  4  N 
sodium  carbonate  and  stir  with  the  same  stirring  rod.  Wash  down 
the  rod  with  a  further  0-2  ml.  of  4  N  sodium  carbonate  added  drop^by 
drop  down  the  rod.  Place  the  tubes  overnight  in  an  oven  at  85  to 
95°  C  to  drive  off  water.  After  thorough  drying,  ash  m  a  muflle 
furnace  for  two  and  a  half  hours  at  C00«  ±  25°  C  Remove  and  allow 
to  cool  to  room  temperature.  Add  2  ml.  of  2  N  hydrochloric  acid 
avoiding  excessive  effervescence.  Mix  any  remaining  ash  with  the 
acid  and  add  2  ml.  of  7  N  sulphuric  acid  and  8  nil.  of  water.  Stir 
until  the  reaction  is  finished,  transfer  to  a  clean  tube,  and  centrifuge 

down  the  insoluble  residue.  ,  c 

For  each  test  take  two  colorimeter  tubes,  lo  <>“  «dd  1  ml-  of 
dilute  standard  containing  0-04  pg.  of  iodine  (as 

other  add  1  ml.  of  water.  Pipette  8  ml.  ol  the  supernatant  lluid  Irom 
the  test  nto  each  colorimeter  tube,  and  add  0-5  ml.  of  sodium  arsem  e 
sluo^  to  each.  Mix,  avoiding  loss  of  -atermi  and  contaminahon. 
Place  the  tubes  in  a  constant  temperature  bath  at  3.)  =t 
ten  minutes.  Warm  the  ceric  ammonium  sulphate  solution  m  t  le 
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wav,  and  add  1  ml.  of  it  to  each  tube.  It  is  essential  that  the  colori¬ 
meter  should  be  read  at  definite  times— six  and  twelve  minutes  are 
used— after  adding  the  ceric  ammonium  sulphate.  It  is  suggested 
that  this  addition  be  made  at  thirty  second  intervals.  In  this  way 
up  to  twelve  readings  can  be  made.  If  longer  than  thirty  seconds  is 
required  to  make  the  reading  set  up  fewer  tubes.  The  ceric  ammonium 
sulphate  solution  must  be  accurately  pipetted,  and  mixing  must  be 
rapid  and  complete.  Use  a  blue  filter  for  the  colorimeter. 

Plot  the  readings  using  semi-log  paper  against  time  (see  Fig.  55) 
unless  the  readings  are  in  terms  of  percentage  light  transmission. 
Obtain  the  colorimeter  reading  after  zero  time  by  quickly  reading  a 
reagent  blank  immediately  after  adding  the  ceric  ammonium  sul¬ 
phate.  The  amount  of  iodide  present  in  the  colorimeter  tube  without 
added  iodine  is  obtained  from  the  formula  : 

Micrograms  Iodine  in  the  colorimeter  tube  of  the  unknown 


_  0  04  X  <2 
<1  —  ^2 

where  t  ^  and  are  as  shown  in  the  diagram. 

Carry  through  a  complete  reagent  blank  omitting  only  the  serum. 
Then 

Plasma  or  serum  protein-bound  iodine. 

7  .  . 

=  100  X  -  (Iodine  in  final  aliquot  —  Iodine  in  blank). 


The  blank  was  found  to  be  0-015  to  0-017  fig.  of  iodine  in  the 
colorimeter  tube. 


COLOR. 

REAOlNQ-g 
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If  the  amount  of  iodine  present  in  the  test  is  great  enough  to  eause 
eomplete  discolorization  in  the  second  tube,  repeat  with  less  than 
1  ml.  of  plasma  and  correct  the  calculation  accordingly. 

Notes.  Glassware  used  must  be  scrupulously  clean.  Use  of  a 
detergent  is  recommended.  Tincture  of  iodine  must  not  be  allowed 
in  contact  with  the  skin  and  iodine  containing  drugs  must  not  have 
been  taken.  The  latter  includes  the  iodine-containing  compounds 
used  for  X-rays. 

INTERPRETATION 

Different  w^orkers  using  different  methods  have  reported  slightly 
different  normal  ranges  for  the  protein-bound  iodine.  These  have, 
however,  fallen  within  the  range  3-5  to  8-0  /ng.  per  100  ml.  In  fact 
several  workers  have  given  4  to  8  /xg.  per  100  ml.  It  is  suggested 
(Rapport  and  Curtis)  that  the  normal  value  should  be  established  for 
the  locality  and  for  the  technique  used.  It  is  unlikely  that  sex, 
season,  or  age  influence  the  level  of  the  blood  iodine,  though  it  has 
been  found  to  increase  during  pregnancy.  It  is  considerably  affected 
bv  endogenous  iodine  in  whatever  form  this  is  taken,  so  that  the 
determination  is  valueless  if  any  iodine  containing  compounds  have 
been  taken. 

Protein-bound  iodine  may  sometimes  give  a  more  reliable  index  of 
thyroid  abnormalities  than  measurement  of  the  basal  metabolic  rate. 
It  is  raised  in  hyperthyroidism,  and  falls  on  treatment  whether 
surgical  or  following  drugs  such  as  thiouracil.  In  hypothyroidism 
protein-bound  iodine  is  reduced,  rising  when  thyroxine  is  giv^en. 
In  other  diseases  not  involving  the  thyroid,  abnormal  values  are  rarely 
found.  This  may  be  valuable  in  some  neuroses. 


IRON 


Since  there  is  only  a  very 
great  care  has  to  be  taken  t 
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Several  colorimetric  methods  have  been  devised  using  thiocyanate 
fffiven  below),  ferrieyanide  (Fitzpatrick  and  Howells,  1949),  ‘  , 
2  dipyridvl  (Kitzes  'et  al,  1944  ;  Watson,  1952),  orthotolidmc 
(Budtz-Olsen,  1951),  o-phenanthroline  (Davies  et  al,  1952). 

Thiocyanate  Method  (Brendrstrup,  1948  ;  Dahl,  1948  ;  Ventura  and 
Klopper,  1951). 

Hydrochloric  acid  is  used  to  free  the  iron  from  its  attachment  to 
protein,  which  is  then  precipitated  with  trichloraeetic  acid.  The 
colour  is  developed  on  the  supernatant  fluid  obtained  on  centrifuging, 
by  adding  nitric  acid  and  thiocyanate. 

Reagents.  1.  6  N  hydrochloric  acid. 

2.  Trichloracetic  acid,  20  per  cent,  aqueous  solution. 

3.  Concentrated  nitric  acid. 

4.  Potassium  thiocyanate,  20  per  cent,  aqueous  solution. 

5.  Ether-amyl  alcohol  mixture.  Mix  1  volume  of  ether  with 
2  volumes  of  amyl  alcohol. 

6.  Stock  standard  solution.  Dissolve  0*498  gram  of  ferrous 
sulphate,  FeS04,  THgO,  in  water,  add  1  ml.  of  concentrated  sulphuric 
acid,  and  make  up  to  1  litre.  This  solution  contains  100  pg.  per  ml. 

7.  Standard  solution  for  use.  Dilute  the  stock  solution  1  in  100 
to  obtain  a  solution  containing  1  /^g.  of  iron  per  ml. 

Technique.  Add  1*5  ml.  of  6  N  hydrochloric  acid  to  3  ml.  of  serum. 
Shake  well  using  a  paraffined  cork,  and  then  stand  one  hour  at  37°  C. 
Cool,  and  add  3  ml.  of  20  per  cent,  trichloracetic  acid  slowly  with 
continuous  shaking.  Stand  for  a  few  minutes  and  centrifuge. 
Remove  the  supernatant  fluid,  wash  the  deposit  with  2  ml.  of  5  per 
cent,  trichloracetic  acid,  centrifuge,  and  add  the  supernatant  fluid 
to  that  already  obtained.  To  the  mixed  fluids  add  0*1  ml.  nitrie 
acid  and  1  ml.  of  20  per  cent,  potassium  thiocyanate.  Shake,  stand 
for  ten  minutes,  and  extract  into  5  ml.  of  the  ether-amyl  alcohol 
mixture,  shaking  well.  Add  a  knife-point  of  anhydrous  sodium 
sulphate  to  this  extract,  shake,  allow  to  settle,  and  read  in  the 
photoelectric  colorimeter  within  ten  minutes  using  a  blue-green 
filter  or  transmission  at  490  millimicrons.  The  eolour  of  ferric 
thiocyanate  tends  to  fade  easily,  particularly  if  exposed  to  a  bright 
light.  Carry  through  a  complete  blank  and  a  standard  using  3  ml 
of  the  dilute  standard  instead  of  serum.  A  standard  curve  can  be 
prepared  using  3  ml.  of  solutions  containing  1,  2,  3,  4  and  5  us  of 
iron  per  ml.  These  correspond  to  100,  200,  .  .  .  500  ^g.  iron  per 
100  ml.  of  serum.  ^ 


INTERPRET.4TION 

The  normal  range  for  serum  iron  has  been  variously  given  There 

1?  ^Sreement  that  it  is  a  little  higher  in  men  than  in  women. 
The  following  ranges  for  normal  may  be  taken, 

Males,  80-175  fig.  per  100  ml. 

Females,  60-160  fig.  per  100  ml. 

(see  Brendrstrup,  1948  ;  Dahl,  1948  ;  Watson  19521  b..t 
uglier  and  lower  limits  have  been  suggested,  ’  the  widest  bein^ 
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25—300  by  Kooyman  (1949).  Most  workers,  however,  have  given 
ranges  near  to  those  above.  Dahl  showed  that  the  serum  iron  is  a 
little  lower  during  menstruation  than  at  other  times. 

Low  figures  have  been  obtained  in  the  iron  defieiency  anaemias, 
and  an  increase  in  anaemias  such  as  pernicious  anaemia,  in  which 
there  is  reduced  formation  of  haemoglobin  without  iron  deficiency. 

Practically  no  iron  is  excreted  in  the  urine  in  health. 

Iron-binding  Capacity. — As  stated  above,  the  iron  in  the  plasma 
or  serum  is  bound  to  a  specific  iron-binding  component  of  the 
^-globulin,  only  part  of  which  is  saturated  in  normal  plasma.  The 
iron-protein  complex  is  red,  so  that  it  is  possible  to  measure  the 
unsaturated  iron-binding  capacity,  that  is,  the  amount  of  iron  which 
can  still  be  taken  up  by  the  serum,  by  reading  the  increase  in  red 
colour  produced  by  adding  a  solution  of  an  iron  salt  to  serum.  If 
this  is  then  added  to  the  ordinary  serum  iron  the  total  iron-binding 
capacity  can  be  obtained.  Percentage  saturation  can  also  be  calcu¬ 
lated.  Such  determinations  have  been  made  by  Rath  and  Finch, 
1949  ;  Cartwright  and  Wintrobe,  1949  ;  Davies  et  al.,  1952  ;  and 
Ventura,  1952.  The  latter  uses  a  solution  containing  122-5  mg.  of 
analar  ferrous  ammonium  sulphate  and  5  ml.  N  acetic  acid  in  250  ml. 
made  up  with  double  distilled  water.  This  solution  contains  7  /xg. 
of  iron  per  ml.  His  technique  is  as  follows  :  d  o  1  ml.  of  serum 
diluted  with  1-5  ml.  of  0-85  per  cent,  sodium  chloride  add  0-1  ml. 
of  this  solution.  Mix  with  a  glass  rod  for  two  minutes,  stand  for  a 
further  four  minutes,  and  read  in  a  Beckmann  spectrophotometer  at 
520  millimicrons  using  2-5  ml.  of  the  saline  as  blank.  Prepare  a 
standard  curve  by  adding  increasing  amounts  of  iron  to  serum  from 
a  number  of  normal  and  anaemic  persons — 1,  2,  3,  4,  5  ^g.  amounts 
are  satisfactory  and  correspond  to  an  iron-binding  capacity  of  100, 
200,  300  ..  .  fxg.  per  100  ml.  of  serum.  No  further  increase  m  red 

colour  occurs  when  saturation  is  reached. 

Davies  et  al.  found  a  total  iron-binding  capacity  of  249-38/  fig. 
per  100  ml.  (average  304)  in  males,  with  a  per  cent,  saturation  o 
25-56  (average  42)  ;  and  of  204-429  fig.  per  100  ml.  (average  3-  ) 
in  females,  with  a  per  cent,  saturation  of  14-51  (average  33).  Satura¬ 
tion  is  low  in  hypochromic  anaemias— under  10  per  cent,  in  most 
cases _ but  100  per  cent,  or  nearly  so  in  pernicious  anaemia  anc 

haemochromatosis. 

Haemosiderin.  In  haemochromatosis  iron  is  deposited  m  certain 
tissues  such  as  liver  and  pancreas  and  in  the  skin,  although  serum 
“not  inereaied.  For^a  full  account  of  this  condition  see  S  ^ 
(1985).  In  the  later  stages  pancreatic  damage  is  «>![> 
llvco^ria  and  diabetes  to  be  present  bronzed  diabetes).  The  iron 

suspected  cases  of  h®moehromatosis.  Iron  in  this  form 
haemosiderin. 
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Haeniosiderin  may  be  j)rcsent  in  the  urine  in  hfemochromatosis  and 
in  patients  with  chronic  licemoglobinuria,  such  as  nocturnal  hscinoglo- 
binuria.  This  hemosiderin  is  thought  to  be  formed  from  hemoglobin 
previously  deposited  in  the  renal  tubules.  It  can  be  recognized  by 
staining  the  urine  deposit  with  the  acid  potassium  ferrocyanide 
solution  referred  to  above.  Centrifuge  some  urine,  remove  the 
supernatant  fluid,  add  several  ml.  of  the  ferroeyanide,  mix  with  the 
deposit,  stand  for  a  few  minutes,  again  eentrifuge,  and  examine 
microscopically.  Particles  eontaining  haeniosiderin  stain  blue. 

COPPER 

Copper  is  required  in  small  amounts  for  normal  haemoglobin 
synthesis.  It  is,  however,  in  hepato-lenticular  degeneration  (Wilson’s 
disease)  that  interest  in  eopper  has  been  aroused  since  it  was  found 
that  there  is  a  marked  inerease  in  the  excretion  of  eopper  in  this 
condition. 


Determination  of  Serum  Copper 

Sodium  Diethyldithiocarbamate  Method  (Eden  and  Green,  1940  ; 

Ventura  and  King,  1951) 

The  eopper  is  released  from  its  linkage  to  protein  by  means  of 
hydroehloric  aeid,  the  proteins  precipitated  by  trichloracetic  acid, 
and  the  eopper  extraeted  from  the  protein-free  fluid  obtained,  into  an 
amyl  aleohol-ether  mixture  as  a  golden  yellow-coloured  complex  with 
sodium  diethyldithiocarbamate.  The  amount  of  this  formed  is  read 
colorimetrically.  Sodium  pyrophosphate  is  added  to  prevent 
interferenee  from  iron. 


Reagents.  1.  N/10  hydroehloric  acid. 

2.  6  N  hydrochloric  acid. 

3.  Trichloracetic  acid,  20  per  cent,  aqueous  solution. 

4.  Sodium  pyrophosphate,  6  per  cent,  solution. 

5.  Ammonia,  S,G.  0-88. 

6.  Sodium  diethyldithiocarbamate,  0-4  per  cent,  solution. 

7.  Amyl  alcohol-ether  mixture,  containing  equal  volumes  of  each. 

8.  Powdered  anhydrous  sodium  sulphate. 

9.  Stock  standard  solution.  Dissolve  0-393  gram  of  copper 

sulphate  (CUSO4,  5H2O)  in  water,  add  0-1  ml.  of  concentrated 

sulphuric  acid  and  make  up  to  1  litre.  This  solution  contains  100 
/xg.  per  ml. 

10.  Standard  for  use.  Dilute  the  above  1  to  100  to  obtain  a 
solution  containing  1  jxg.  per  ml. 

Technique.  To  3  ml.  of  serum  add  1  ml.  of  N/10  hydrochloric  acid 
and  warm  in  boiling  water,  stirring  continuously,  until  the  mixture 
begins  to  cloud.  Cool.  Then  add  1-5  ml.  of  6  N  hydrochloric  acid 

acid  Mil  ®  P""  t>-i<^l>loracetic 

acid.  Mix  well,  stand  for  a  few  minutes,  and  centrifuee  Remove 

the  siiperiiataiit  lluid  and  wash  the  precipitate  with  S  nil  of  5  nir 

™  wTnluT"*-,  ™nibine’,li:'sripl" 

atant  lluids.  ,\dd  1  ml.  of  0  per  cent,  sodium  pyropliosphate  Ld 
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2  ml.  of  ammonia.  Add  1  ml.  of  0-4.  per  cent,  sodium  diethyldithio- 
carbamate  and  shake  well  for  about  two  minutes  with  5  ml.  of  the 
amyl  alcohol-ether  mixture  to  extraet  the  copper.  Remove  the  amyl 
alcohol  layer  and  dry  by  shaking  with  a  little  powdered  anhydrous 
sodium  sulphate.  Read  in  the  photoelectric  colorimeter  using  a 
violet  filter  or  transmission  at  440  millimierons.  Treat  5  ml.  of 
standard  (containing  5  p,g.)  in  the  same  way  as  the  serum,  and  earry 
through  a  complete  blank,  against  whieh  both  standard  and  unknown 
are  read. 

Calculation.  Micrograms  copper  per  100  ml.  serum 


Reading  of  unknown 
Reading  of  standard 
Reading  of  unknown 


X  5  X 


100 

T 


X  167. 


Reading  of  standard 

A  standard  curve  can  be  prepared  by  carrying  through  the  full 
method  using  amounts  of  solution  containing  0  (blank),  1,  2,  3,  4,  5 
/ig.  of  copper. 

Note.  Use  water  redistilled  from  an  all-glass  still  for  all  solutions, 
and  high-grade  reagents. 

Determination  of  Copper  in  Urine 

Reagents.  1.  Sulphuric  acid,  2  N. 

2.  Citric  acid,  12  per  cent,  solution. 

3.  Ammonia,  S.G.  0-88. 

4.  Thymol  blue  indicator. 

5.  Carbon  tetrachloride. 

6.  Anhydrous  sodium  sulphate,  powdered. 

7.  Sodium  diethyldithiocarbamate,  0-4  per  cent,  solution. 

8.  Standard  solution,  as  for  serum.  .  ,  onn  i 

Technique.  Evaporate  almost  to  fuming,  about  150  to  200  ml.  ot 

2  N  sulphuric  acid,  which  has  been  shaken  with  sodium  diethyldi- 
thiocarbamate  as  described  for  deleading  urine  (p.  507).  Add  slowly 
100  ml.  of  urine  and  heat  carefully  until  organic  matter 
and  a  colourless  liquid  remains.  Cool,  add  about  .0  n  1-  w®*  ^ 
followed  by  1  ml.  of  12  per  cent,  citric  acid,  and  make  alkaline  to 
thymol  blue  with  ammonia.  Cool.  Add  1  ml.  of  the  sodium  diethyl- 
difhiocarbamate  and  5  ml.  of  carbon  tetrachloride.  Shake  vigorously 
for  rfeast  iwo  minutes  to  extract  the  copper,  remove  the  carbon 
tetrachloride  layer,  add  a  little  sodium  sulphate  to  remove  water,  an 
read  inThc  colorimeter  as  before.  Carry  through  a  complete  blank 
and  read  the  unknown  against  this.  For  the  to 

S  this"agktTa  b^  in  the  same  way  but  omitting  the 

5  ml.  of  standard.  . 

Calculation.  Micrograms  copper  per  100  ml.  urine 

Reading  of  unknown  ^  ^ 

^  Readmg"orstandar^ 
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A  standard  curve  can  be  prepared  in  the  same  way  as  described  for 
the  standard,  but  using  1,  2,  3,  4,  5  p.g.  of  copper. 

For  urines  containing  increased  amounts  of  copper,  repeat,  using  a 

smaller  volume  of  urine. 

INTERPRETATION 

The  normal  range  for  plasma  or  serum  copper  is  within  the  limits 
75  to  160  fig.  per  100  ml.  (see  Cartwright,  1950,  for  a  discussion  of 
copper  metabolism).  The  copper  is  attached  to  some  of  the  globulins. 
Plasma  copper  is  increased  in  most  infections  in  which  there  is  fever 
and  an  increase  in  the  red  cell  sedimentation  rate.  In  some  chronic 
infections  the  range  is  from  160  to  250.  There  is  also  an  increase 
during  pregnancy  to  an  average  level  of  about  220  fig.  per  100  ml. 
The  average  figure  is  increased  a  little  in  pernicious  anaemia,  in  iron 
deficiency  anaemias,  and  in  cirrhosis  of  the  liver. 

Whereas  earlier  work  gave  relatively  high  values  for  the  excretion 
of  copper  in  the  urine  reaching  500  and  700  fig.  daily,  more  recent 
work  suggests  this  is  much  lower  and  does  not  exceed  70  fig.  in 
twenty-four  hours.  Interest  has  been  directed  recently  to  the  very 
considerable  increases  in  urine  copper  excretion  in  Wilson’s  disease 
(hepatolenticular  degeneration),  in  which  up  to  and  over  1  mg.  may 
be  excreted  daily.  An  increase  in  plasma  copper  has  been  reported 
in  this  condition  by  some  workers  but  has  not  been  found  by  others. 
Small  increases,  mostly  in  the  range  100  to  200  fig.  daily,  but  occa¬ 
sionally  higher,  may  be  found  in  eirrhosis  of  the  liver  and  in  Fanconi’s 
syndrome. 


SULPHUR 


The  greater  part  of  the  sulphur  in  the  diet  is  present  in  proteins  as 
the  amino  acids  cystine  and  methionine,  though  there  are  also  some 
non-protein  organic  sulphur  compounds  and  some  inorganic  sulphur 
as  sulphates.  Most  of  the  sulphur  present  in  proteins  is  ultimately 
eonverted  to  inorganic  sulphate,  some  of  which  is  excreted  in  that 
form  and  some  as  ethereal  sulphates,  phenolic  compounds  such  as 
indoxyl  and  skatoxyl  sulphates,  formed  from  indole  and  skatole 
produced  m  the  intestine  by  the  action  of  bacteria  on  protein 

Important  eompounds  which  contain  sulphur  are  insulin,  glutathione’ 
and  aneurin.  °  ’ 


The  sulj)  lur  present  in  the  blood  is  distributed  between  the  different 
forms  as  foUows.  inorganic  sulphur,  average  about  1  mg.  per  100  ml 
ethereal  sulphate  sulphur,  0-5  mg.  per  100  ml.,  and  neutral  sulphur’ 

per  wl)  mb  about  3-4  mg’. 

Determination  of  these  sulphur  compounds  in  blood  has  not  found 

niiull  d;  “P  i'>  disease.  For  method  see  Kske 

(1921),  Denis  and  Reed  (1926-27),  Wakefield  nq9Q\ 

Wakelield  (.938) ;  see  ilso  Petei;  and  tnS  yke 19311  T^Ut^b'^ 
determination  of  cystine  in.  blood,  see  Loolv  (1902I  a^fd  t 
glutathione,  see  Thompson  and  Watson  (1952).  ^  ^  for 


328 


PRACTICAL  CLINICAL  ]ROCHEMISTRV 


The  same  types  of  sulphur  compounds  are  present  in  the  urine,  in 
which  2  to  3  grams  are  excreted  daily.  By  far  the  greater  part  is 
inorganic  sulphate.  There  is  about  15  per  cent,  as  neutral  sulphur, 
and  inorganic  sulphur  forms  about  90  per  cent,  of  the  rest  leaving 
10  per  cent,  ethereal  sulphur.  Ethereal  sulphates  Such  as  indican 
are  excreted  in  increased  quantity  when  there  is  increased  putrefaction 
in  the  intestine.  In  the  Jaff^  test  for  indican,  equal  volumes  of  urine 
and  hydrochloric  acid  are  mixed  and  a  few  ml.  of  chloroform  and  a 
few  drops  of  calcium  hypochlorite  solution  added.  These  are  mixed 
by  inverting  several  times.  The  indican  is  oxidized  to  indigo  blue, 
which  is  extracted  into  the  chloroform  giving  it  a  blue  colour. 


MAGNESIUM 

Determination  of  serum  magnesium  is  also  very  rarely  used.  The 
normal  range  for  serum  is  approximately  1-5  to  3  mg.  per  100  ml. 
Most  methods  for  determining  serum  magnesium  remove  the  calcium 
and  then  precipitate  the  magnesium  as  phosphate,  which  is  then 
estimated  by  any  of  the  methods  used  for  inorganic  phosphorus. 
See,  for  example,  Denis  (1922)  and  Briggs  (1924). 
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CHAPTER  XVIII 


CHLORIDE,  SODIUM,  AND  POTASSIUM 

Chloride,  sodium  and  potassium  ions  in  body  fluids,  because  of  the 
osmotic  pressure  they  exert,  play  an  important  part  in  maintaining 
normal  water  distribution  between  cells,  plasma  and  interstitial 
fluid.  Together  with  bicarbonate  they  are  also  concerned  with  the 
acid-base  balance  in  body  fluids.  In  this  chapter  they  will  be  con¬ 
sidered  together  and  abnormalities  in  volume  and  distribution  of 
body  water  will  also  be  discussed.  Bicarbonate  and  changes  in  acid- 
base  balance  will  be  dealt  with  in  the  following  chapter.  In  addition 
to  their  influence  on  the  distribution  of  body  water,  sodium  and 
potassium  also  play  a  part  in  providing  the  correct  environment  for 
normal  muscle  contraction. 


CHLORIDE 

Determination  of  Plasma  Chloride 

I  Method  of  Van  Slyke  (1923). 

See  also  Eisenmann  (1929),  Wilson  and  Ball  (1928) 

This  method  uses  the  Volhard  chloride  estimation,  protein  being 
oxidized  by  the  open  Carius  method  using  a  solution  of  silver  nitrate 
in  concentrated  nitric  acid.  The  organic  matter  is  destroyed  and 
the  chloride  precipitated  at  the  same  time.  The  excess  silver  nitrate 
is  then  titrated  with  standard  thiocyanate. 

Reagents.  1.  N  20  solution  of  silver  nitrate  in  concentrated  nitric 
acid.  Dissolve  8-495  grams  of  silver  nitrate  in  about  20  ml.  of  water 
and  then  make  up  to  a  litre  with  concentrated  nitric  acid.  The 
solution,  which  should  be  standardized  against  sodium  chloride,  keeps 
indefinitely  in  a  brown  bottle. 

2.  N/50  thiocyanate.  Prepare  at  intervals  bv  dilutinff  a  stock 
N/10  solution. 

3.  Concentrated  nitric  acid. 

solution  of  ferric  alum  {Ve^{SO,),„  (NH,)2SO,, 

^4*  11 2^  }* 

Technique.  Pipette  1  ml.  of  plasma  into  a  6  x  1  inch  boiling  tube 
and  run  in  slowly,  with  constant  shaking,  3  ml.  of  the  silver  nitrate 
solution.  Add  2  ml.  of  concentrated  nitric  acid  and  heat  over  a 
bunsen  flame  until  digestion  has  occurred  and  the  solution  is  pale 
yellow  111  colour  If  the  eolour  is  deep  yellow  it  can  be  discharged 
by  adding  a  few  drops  of  saturated  potassium  permanganate  solution 
and  warming  again.  This  is  not  necessarv  with  plasma.  The 
(hgestion  usually  requires  only  one  to  two' minutes^.  When  the 
digestion  IS  completed,  cool,  and  add  C  ml.  of  5  per  cent,  ferric  alum 
or  5  to  b  ml.  of  water  and  about  0-3  gram  of  powdered  salt.  Cool 
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again  under  running  water.  Then  titrate  with  N/50  thiocyanate 
until  a  reddish  brown  colour  persisting  for  ten  to  fifteen  seconds  is 
obtained.  The  end  point  is  not  easy  to  gauge  and  some  experience 
is  needed  before  confidence  in  it  is  acquired.  Since  silver  thiocyanate 
is  less  soluble  than  silver  chloride,  as  soon  as  ferric  thiocyanate  is 
formed  in  solution,  reaction  takes  place  between  this  and  the  preci¬ 
pitated  silver  chloride  to  form  ferric  chloride  and  silver  thiocyanate, 
so  that  the  end  point  fades.  The  speed  with  w'hich  this  occurs  is 
reduced  if  the  silver  chloride  precipitated  is  coagulated  into  a  few 
large  pieces.  Such  coagulation  is  more  likely  to  occur  if  the  silver 
nitrate  solution  is  added  slowly  drop  by  drop  with  shaking.  Once 
technicians  are  familiar  with  the  end  point  they  have  little  further 
difficulty  in  obtaining  accurate  results. 

To  determine  the  standard  add  2  ml.  of  nitric  acid  and  6  ml.  of  ferric 
alum  solution  to  3  ml.  of  the  silver  nitrate  solution,  cool,  and  titrate 
with  N/50  thiocyanate.  Since  the  silver  solution  is  N/20,  7-5  ml.  of 
the  thiocyanate  should  be  required.  Carry  out  this  standard  titration 
whenever  a  determination  is  made. 

Calculation.  The  difference  between  the  two  titrations  gives  a 
measure  of  the  amount  of  chloride  in  1  ml.  of  plasma  in  terms  of  N/50 
solution.  Since  1  ml.  of  N/50  sodium  chloride  contains  1-17  mg. 
per  ml. 

Mg.  chloride  (as  NaCl)  per  100  ml.  of  plasma 

=  (ml.  titration  of  standard— ml.  titration  of  unknown)  x  1*17  X 100 

=(ml.  titration  of  standard— ml.  titration  of  unknown)  X 117. 

If  the  result  is  to  be  expressed  in  terms  of  Cl  multiply  by  71  instead 
of  117  ;  for  milliequivalents  per  litre  multiply  by  20. 


II  Volhard  Method  using  the  Folin  Wu  Filtrate  (Whitehorn,  1921) 

Reagents.  1.  Silver  nitrate  solution.  Dissolve  2-907  grams  of 
silver  nitrate  in  water  and  make  up  to  1  litre.  One  rnl.  is  equivalent 
to  1  mg.  of  sodium  chloride.  Standardize  against  sodium  chloride. 

2.  Concentrated  nitric  acid. 

3.  Powdered  ferric  alum.  , 

4  Thiocyanate  solution,  ammonium  or  potassium.  One  ml. 
should  be  equivalent  to  1  ml.  of  the  silver  nitrate  solution  This 
soTution  can^  be  prepared  by  diluting  100  nd.  of  N/IO  solut.on  to 
585  ml  with  water.  Check  and  adjust  if  necessar\ .  .  ,  i 

Technique.  Add  10  iid.  of  the  silver  nitrate  solution  with  thorough 
stirring  to  10  ml.  of  the  Folin- Wu  filtrate  in  an  evaporating  dish. 
Run  in  5  ml.  of  eoneentrated  nitrie  acid,  stand  for  five  nnnutes  to 

allow  llocculation  of  the  silver  chloride,  then  add  ■.'Ywvii 

ferric  alum  and  titrate  with  the  thiocyanate  to  a  reddish  broiM 

L°drehS;v  >»«  mi.  piasn. 

_  (10  _  ml.  thiocyanate  used  in  the  titration)  X  100. 


Note 

the  Folin 


It  is  important  that  the  sodium  tiiugstate  used  for 
i-Wii  filtrate  should  he  chloride-free.  Test  by  mixing 
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volume  of  the  10  per  cent,  sodium  tungstate  with  2  volumes  of 
concentrated  nitric  acid  and  then  filtering  into  a  test  tube  containing 
some  of  the  silver  nitrate  solution.  Not  more  than  a  faint  cloud 
should  result.  If  necessary  the  tungstate  can  be  purified  by 
recrystallizing  from  alcohol. 


Ill  Mercuric  Nitrate  Method  of  Schales  and  Schales  (1941) 

Plasma,  or  a  protein-free  filtrate  such  as  that  of  Folin-\Vu,  is 
titrated  with  a  mercuric  nitrate  solution,  using  diphenylcarbazone 
as  indicator,  which  gives  a  violet-blue  complex  with  mercuric  ions. 
Mercuric  chloride  is  formed,  and  remains  in  solution  but  is  so  very 
slightly  dissociated  that  sufficient  mercuric  ions  to  give  this  colour 
are  only  present  when  all  the  chloride  is  titrated  and  excess  mercuric 
nitrate  is  added. 

Reagents.  1.  Mercuric  nitrate  solution.  Dissolve  2*9  to  3-0 
gram  mercuric  nitrate  in  a  few  hundred  ml.  of  water,  add  20  ml.  of 
2  N  nitric  acid  and  make  up  to  a  litre  with  water.  It  is  important 
that  this  amount  of  acid  be  strictly  adhered  to,  otherwise  the  end¬ 
point  will  not  be  so  sharp. 

2.  Diphenylcarbazone  indicator.  Dissolve  100  mg.  in  100  ml.  of 
95  per  cent,  alcohol.  Keep  in  the  dark  in  the  refrigerator.  The 
solution  fades  in  light  within  a  few  days  and  cannot  be  used.  Prepare 
freshly  once  a  month. 

3.  Standard  chloride  solution.  Dissolve  585  mg.  of  sodium 
chloride,  dried  at  120°  C.,  in  water  and  make  up  to  1  litre. 

Technique.  Use  2  ml.  of  Folin-\\  u  filtrate  or  0*2  ml.  of  plasma  and 
1*8  ml.  of  water.  Add  0-06  ml.  of  the  indicator  and  titrate  with  the 
mercuric  nitrate  using  a  microburette  calibrated  to  0-01  ml.  One  ml. 
should  equal  100  drops.  The  end-point  is  better  with  protein-free 
solutions  which  give  an  intense  violet-blue  colour  w'hen  the  first  drop 
of  excess  mercuric  nitrate  solution  is  added.  When  the  titration  is 
done  direetly  on  plasma  the  colour  at  first  is  salmon-red,  changing  to 
c  eep  \  iolet  when  the  titration  is  begun  then  becoming  pale  yellow  or 
colourless.  A  sharp  change  to  pale  violet  then  denotes  the  end¬ 
point.  Carry  out  the  titration  on  2  ml.  of  the  standard  chloride 
solution. 

Calculation.  Mg.  chloride  per  100  ml.  plasma 

=  mercuric  nitrate  solution  required  for  the  unknown 
ml.  mercuric  nitrate  solution  required  for  the  standi  ^ 


IV  Determination  by  the  Silver  lodate  Method  (King  and  Bain,  1951) 

Several  workers  have  used  the  reaction  of  silver  iodate  with  sodium 
chloride  in  the  protein-free  filtrate  from  plasma  to  form  a  precipitate 

?939  !  'tv  “date  in  solution.  Se'froy 

filtered  the'stver  Slide  ZtSeS  bdattS 
■atter  bv  adding  acid.  In  bott  ^.retli^ttlt 
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equivalent  to  the  chloride  present  in  the  plasma  used,  is  determined 
by  adding  potassium  iodide  and  titrating  the  iodine  liberated,  with 
thiosidphate.  King  and  Bain  (1951)  have  further  simplified  King’s 
original  method  hy  precipitating  the  proteins,  silver  chloride,  and 
excess  silver  iodate  together. 

Reagents.  1.  Ammoniacal  silver  iodate  solution.  Prepare  a  stock 
solution  by  dissolving  1-8  grams  of  silver  iodate  in  100  ml.  of  normal 
ammonia  solution.  From  this  prepare  freshly  the  solution  for  use 
in  the  test.  Mix  well  equal  volumes  of  the  stock  solution  and  normal 
sulphuric  acid  in  a  centrifuge  tube,  say  5  ml.  of  each,  and  centrifuge 
off  the  precipitated  silver  iodate.  Pour  off  the  supernatant  fluid, 
dissolve  the  precipitate  in  a  volume  of  0-3  N  ammonia  equal  to  the 
volume  of  stock  solution  used.  This  removes  any  soluble  iodate 
from  the  silver  iodate. 

To  prepare  silver  iodate,  mix  equal  volumes  of  solutions  containing 
4’28  grams  of  potassium  iodate  per  100  ml.  and  3-4  grams  of  silver 
nitrate  per  100  ml.  Filter,  wash  the  precipitate  well  with  distilled 
water,  dry  in  a  vacuum  desiccator  and  keep  in  the  dark. 

2.  Normal  ammonia  solution.  Dilute  57  ml.  of  concentrated 
ammonia,  specific  gravity  0-88.  to  1  litre  with  water. 

3.  Ammonia,  0*3  N  solution.  Dilute  17  ml.  of  S.G.  0-88  ammonia, 
to  1  litre. 

4.  Tungstate-phosphoric  acid  reagent.  Dissolve  4-2  grams  of 
sodium  tungstate  (Na2W04,  2H2O)  in  1  litre  of  phosphoric  acid 
(0-15  M,  prepared  by  diluting  10  ml.  of  the  concentrated  acid,  specific 
gravity  1*72,  to  1  litre  with  water). 

5.  Potassium  iodide,  2  per  cent,  solution.  Dissolve  2  grams  in 
water  and  make  up  to  100  ml. 

6.  N/200  sodium  thiosulphate. 

Technique.  Add  0-5  ml.  of  ammoniacal  silver  iodate  solution  to 
0-2  ml.  of  plasma,  mix  and  add  3-3  ml.  of  tungstic-phosphoric  acid 
reagent.  Shake  well  and  filter,  using  a  7  cm.  No.  42  Whatman  paper. 
Treat  1-0  ml.  of  the  filtrate  with  1-0  ml.  of  2  per  cent,  potassium 
iodide  and  titrate  with  N/200  thiosulphate  with  starch  as  indicator. 

Calculation.  Mg.  chloride  (as  sodium  chloride)  per  100  ml.  plasma 

=  ml.  titration  X  97*5. 


Note.  If  whole  blood  is  taken,  use  double  the  amount  of  sodium 
tungstate  in  the  tungstate-phosphoric  acid  reagent. 

Choice  of  Blood  for  Chloride  Estimation 

Plasma  separated  immediately  from  blood  taken  under  liquid 
paramn  is  best  used.  Plasma  is  used  because  of  tl‘e  '''-ry 
distribution  of  chloride  between  cells  and  plasma.  Since  the  ^ 
about  twice  as  much  chloride  in  plasma  as  m  the  cells  an  appreciable 
alteration  in  the  red  cell  count  can  mask  the  changes  in  plasma 
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whole  blood  can  be  used.  If  plasma  is  used,  i)recaut!ons  are 
usually  taken  to  avoid  chloride  shift  due  to  loss  of  carbon  dioxide 
from  whole  blood  when  this  is  allowed  to  stand  exposed  to  the  air 
(see  p.  6).  The  blood  is  thus  collected  under  oil  and  the  plasma 
separated  as  soon  as  possible.  It  can  then  be  kept  without  further 
alteration. 

Choice  of  Method.  The  method  of  Van  Slyke  is  simple  and 
(juick  but  the  end-point  is  not  so  good  as  that  in  the  methods  of 
Kiiiir  and  Bain  and  of  Schales  and  Schales  so  that  one  of  these  may 
be  preferred. 

Normal  Values.  Expressed  in  terms  of  sodium  chloride  these  are  : 

Whole  blood  450  to  510  mg.  per  100  ml.  ;  77  to  87  milli- 
equivalents  per  litre. 

Plasma  560  to  620  mg.  per  100  ml.  ;  95  to  106  milli- 
equivalents  per  litre. 

Variations  in  chloride  will  be  considered  later,  when  sodium  is  being 
discussed. 

Determination  of  Urine  Chloride 

The  method  of  Van  Slyke  given  for  blood  can  be  used  for  urine. 
Take  1  ml.  of  urine  instead  of  1  ml.  of  plasma.  If  the  chloride 
content  exceeds  about  800  mg.  per  100  ml.  take  0-5  ml.  of  urine, 
and  make  the  necessary  alteration  in  the  calculation.  This  method 
is  very  convenient  on  account  of  its  simplicity  and  the  end¬ 
point  is  better  than  with  blood. 


Approximate  Method  of  Fantus  (Fantus,  1936) 

Marriott  (1947)  uses  an  approximate  method  devised  by  Fantus 
which  is  very  simple  and  can  be  carried  out  where  laboratory  facilities 
are  not  available. 

Reagents.  1.  Silver  nitrate,  2-9  per  cent,  solution. 

2.  Pota,ssium  chromate,  20  per  cent,  solution. 

3.  Distilled  water. 

Technique.  Place  10  drops  of  the  urine  into  a  test  tube  from  a 
pipette.  Wash  the  pipette  out  with  distilled  water  and  then  add 
Ti  chromate.  Again  wash  out  the  pipette  with  water. 

len  add  the  silver  nitrate  drop  by  drop  counting  the  number  of 
drops  required  to  give  a  brick-red  precipitate. 

Calculation.  Number  of  drops  of  silver  nitrate  required 

=  Grams  sodium  chloride  per  litre  of  urine. 

of  this  test  has  been  made  on  the  L^round 
that  It  IS  not  entirely  reliable  (see  Taylor,  1951)  Certainlv  the 

Urme  chloride  is  greatly  inHuenced  by  the  amount  of  salt  taken 


is  a 
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the  diet.  A  usual  amount  is  about  10  grams  daily  so  that  the  average 
excretion  is  about  this  amount,  ranging  from  7  to  15  grams.  On 
low  intakes  of  salt  less  is  excreted,  and  when  the  plasma  level  falls 
below  the  lower  limits  of  normal,  that  is  below  560  mg.  per  100  ml., 
excretion  of  chloride  ceases  almost  completely.  A  person  on  a 
normal  intake  who  takes  an  increased  amount  excretes  this  in 
twenty-four  to  forty-eight  hours,  but  one  with  a  previously  low  intake 
of  salt  does  not  do  so  for  several  days.  In  normal  persons  chloride 
can  be  excreted  up  to  a  concentration  of  about  2  per  cent. 


SODIUM 


Determination  of  Serum  Sodium 

Sodium  has  been  most  frequently  determined  by  precipitation  as 
sodium  zinc  uranyl  acetate,  which,  although  it  dissolves  in  water,  is 
sufficiently  insoluble  in  alcohol.  Various  methods  have  been  used 
for  the  colorimetric  determination  of  the  amount  of  precipitate 
obtained.  One  of  the  commonest  is  to  treat  with  potassium  ferro- 
cyanide  when  a  red  colour  due  to  uranyl  ferrocyanide  is  produced 
(McCance  and  Shipp,  1931  ;  Weinbach,  1935  ;  Noyons,  1939  ;  King 
et  al.,  1942).  Butterworth  (1951)  uses  the  orange  colour  given  with 
sodium  salicylate,  whilst  Stone  and  Goldzieher  (1949)  obtain  a 
reddish-yellow  colour  with  hydrogen  peroxide  in  presence  of  alkali. 
Some  methods  stand  overnight  to  obtain  precipitation,  a  disadvantage 
since  results  are  usually  required  quickly  if  they  are  to  be  of  value. 
Butterworth  uses  two  hours.  Stone  and  Goldzieher  only  twenty 


minutes.  i  u 

The  amount  of  sodium  zinc  uranyl  acetate  formed  has  also  been 

determined  gravimetrically  (see  Harrison,  1947).  Further,  instead 
of  determining  the  amount  of  precipitate  some  workers  have  measured 
the  loss  of  colour  of  the  reagent  used  for  precipitating  the  sodium. 
Fow weather  and  Anderson  (1948)  use  zinc  uranyl  acetate,  Irinder 

(1951)  magnesium  uranyl  acetate  in  this  way. 

Sodium  has  also  been  precipitated  as  the  pyroantimonate,  the 
amount  of  which  can  be  determined  iodometrically.  j  ^ 

Recently  the  flame  photometer  has  been  applied  to  the  de  e  - 
mination  of  sodium  in  serum  and  urine  and  has  made  it  possible  to 
carry  out  rapidly  large  numbers  of  estimations. 

I  Zinc  Uranyl  Acetate  Method  (Stone  and  Goldzieher,  1949  ; 

Butterworth,  1951) 

After  removal  of  the  proteins,  the  sodium  is  “I",'; 

so^um  uranyl  aeetate.  The  precipitate  is  washed  and  treated  wi  h 
sodium  salicylate,  and  the  resulting  orange  colour  read  in  the  color 

'"Reagents  1.  Trichloracetic  acid,  10  per  cent,  (w/v)  solution, 
f  Umnyl  zinc  acetate.  Add  14  ml  of  glacial  -f  tic  acid  1^750  ml. 

of  distilled  water  and  bring  almost  to  ^  i  or  six 

acetate.  Add  281  grams  of  «nc  ^tate  d'-de^ 
portions,  stirring  frequently,  h  inally  aaa  /  h 


335 


CHLORIDE,  SODIUM,  AND  POTASSIUM 


cool  to  room  temperature,  and  make  up  to  1  litre.  Then  add  200  ml. 
95  per  cent,  ethyl  aleohol,  place  in  the  refrigerator  overnight  and, 
filter. 

3.  Triple  salt.  To  50  ml.  of  the  uranyl  zinc  acetate  add  about 
100  ml.  of  50  per  eent.  aleohol  saturated  with  sodium  chloride. 
Stand.  Filter  by  suction  through  a  sintered  glass  filter,  wash 
thoroughly  with  alcohol,  then  finally  with  ether.  Dry  in  a  desiccator. 
Dissolve  ()-401  gram  in  .water  and  make  up  to  200  ml.  One  ml.  is 
equivalent  to  0-030  mg.  sodium. 

4.  Wash  reagent.  Absolute  alcohol  saturated  with  magnesium 
acetate.  Filter  before  use. 

5.  Sodium  salicylate,  1  per  cent,  solution  made  up  accurately. 

6.  Uranyl  acetate,  0-2  per  cent,  solution. 

7.  Standard  sodium  chloride  solution  A  (1-8  mg.  sodium  per  ml.). 
Dissolve  0-458  gram  of  pure  dry  salt  in  water  and  make  up  to  100  ml. 

8.  Standard  sodium  chloride  solution  B  (0-18  mg.  sodium  per  ml.). 
Dilute  the  standard  A,  1  in  10. 

Technique.  Add  0-3  ml.  of  serum  drop  by  drop  to  4-7  ml.  of  10  per 
cent,  trichloracetic  acid.  Shake  well  and  centrifuge.  Pipette  0-5  ml. 
of  the  supernatant  fluid  (=  0-03  ml.  serum)  into  a  centrifuge  tube  and 
add  3  ml.  of  uranyl  zinc  acetate  reagent.  Mix  well  by  rotating. 
Stand  for  twenty  to  thirty  minutes,  mixing  several  times  by  rotation 
during  that  time.  Centrifuge,  decant  the  supernatant  fluid,  and 
allow  the  tube  to  drain  on  filter  paper  for  one  minute.  Add  5  ml.  of 
wash  reagent,  washing  down  the  side  of  the  tube.  Mix  by  twirling 
with  a  fine  glass  rod,  centrifuge,  decant  and  drain  as  before.  Dissolve 
the  precipitate  in  5  ml.  of  distilled  water,  and  add  5  ml.  of  1  per  cent, 
sodium  salicylate  solution.  ^lix  and  read  in  the  colorimeter  with  a 
blue  filter  or  transmission  at  460  millimicrons  and  using  0-2  per  cent, 
uranyl  acetate  as  blank.  At  the  same  time  put  through  a  determina- 
tion  using  0-5  ml.  of  the  standard  solution  B  instead  of  supernatant 
fluid.  Then  Mg.  sodium  per  100  ml. 

_  Reading  of  unknown  100 

Reading  of  standard  ^  ^  ()  03 

_  Reading  of  unknown 
Reading  of  standard  ^ 


a,l!r ®  ™r  solution  ami  add  2  ml.  of  water 

and  o  ml.  of  sodium  sahcvlate. 

A  standard  curve  can  be  prepared  as  follows  ; 


100  200  300  400 


-Mg.  sodium  per  100  ml.  serum  .  o 
Ml.  triple  salt  solution  (1  ml.  =  0  03 

MKwat'er^  .  !  '  '  '  30 

4-0  3.0  2  0 

AUfl  o  ml.  sodium  salicylate  solution. 


4  0 
10 


500 

5  0 
0 


chloride  B  put  througirL^Xive!  against  the  standard  sodium 
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II.  Magnesium  Uranyl  Acetate  Method  of  Trinder  (1951) 

The  sodium  and  the  proteins  are  precipitated  together  by 
magnesium  uranyl  acetate  reagent,  are  removed  by  centrifuging  and 
tlie  sodium  determined  by  measuring  the  loss  in  concentration  of  the 
reagent  solution. 

Reagents.  1.  Magnesium  uranyl  acetate  reagent.  Mix  8  grams 
of  uranyl  acetate  (U02(C2H302)2>  2H2O),  30  grams  of  magnesium 
acetate  (Mg(C2H 302)2?  •l‘H2^)»  rnl.  of  glacial  acetic  acid  with 

150  ml.  of  water  and  heat  to  dissolve.  Then  boil  for  two  minutes, 
cool,  dilute  to  200  ml.  with  water  and  make  up  to  a  litre  with  absolute 
ethyl  alcohol.  Place  in  a  brown  bottle  and  add  1  ml.  of  1  per  cent, 
sodium  chloride.  Mix  and  stand  for  several  days  until  the  precipi¬ 
tated  triple  acetate  settles  out.  Use  the  supernatant  solution. 

2.  Potassium  ferrocyanide  (K4Fe(CN)e,  3H2O),  10  per  cent, 
solution.  Keep  in  a  brown  bottle. 

3.  Acetic  acid,  1  per  cent.  (v/v). 

4.  Standard  sodium  solution  (500  mg.  per  100  ml.).  Dissolve 
1*271  grams  of  dry  sodium  chloride  in  water  and  make  up  to  100  ml. 

Technique.  Pipette  5  ml.  of  the  magnesium  uranyl  acetate  reagent 
into  each  of  two  glass-stoppered  centrifuge  tubes  (4  x  f  inch).  To 
one  add  0*1  ml.  of  serum  from  a  pipette  calibrated  to  contain  and 
agitate  the  solution  vigorously  by  blowing  through  the  pipette.  To 
the  other,  used  as  blank,  add  0*1  ml.  of  water.  Stopper  and  stand 
for  five  minutes  to  allow  formation  of  the  precipitate  of  triple  acetate. 
Shake  the  tubes  vigorously  for  thirty  seconds  and  centrifuge. 
Measure  2  ml.  of  the  supernatant  fluids  into  100  ml.  volumetric 
llasks,  add  about  80  ml.  of  1  per  cent,  acetic  acid,  4  ml.  of  10  per 
cent,  potassium  ferrocyanide,  and  make  to  the  mark  with  1  per  cent, 
acetic  acid.  Mix,  and  read  within  the  next  ten  minutes  using  the 
unknown,  in  the  case  of  a  direct  reading  photoelectric  colorimeter, 
to  set  the  instrument  to  full  scale  deflection,  and  then  reading  the 
blank.  Use  a  blue  filter  or  transmission  at  480  millimicrons.  Use 
of  10-mm.  cells  is  recommended. 

In  order  to  obtain  a  standard  curve  for  the  colorimeter,  prepare 
from  the  standard  solution  given  above,  a  series  of  solutions 
100*  200,  300,  400  and  500  mg.  of  sodium  per  100  ml.  and  treat  0*1  n  . 
«f  each  of  these  in  the  same  way  as  the  unknown.  \\  hen  carrying 
out  tests  put  up  0*1  ml.  of  a  standard  solution  containing  300  mg. 

sodium  per  100  ml. 

III.  The  Potassium  Pyroantimonate  Method  (Kramer  and  Gittelmann, 

1924-25  ;  Rourke,  1928) 

Sodium  is  precipitated  as  the  pyroantimonate  directly  from  the 
serum  and  the  amount  of  antimony  in  the  precipitate  determined 
iSZetrically  by  titration  with  sodium  thiosulphate  after  addition 

"''^eaSnts'."  'i;"potassiu,n  pyn.a., ti.no, mle  reagent.  Heat  30„  .nl- 
;,f  .listillecl  water  orpotLiu,n’»ro- 

i^'nlnonall  Ro'i,i:e^  the  bnrner  and  boil  for  three  to  live  .nhn.tes. 
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cool  immediately  under  running  water  and  when  cold  add  15  ml.  of 
10  per  cent,  potassium  hydroxide  (alcohol  w'ashed).  Filter  through 
ash-free  filter  paper  into  a  parallin-lined  bottle.  If  there  is  a  deposit 
after  filtering,  allow  to  settle  for  twenty-four  hours  and  use  the 
supernatant  fluid.  This  reagent  has  been  said  to  keep  for  one  to 
twd  months.  It  is  better  to  prepare  the  reagent  freshly  every  week. 

The  reagent  can  be  tested  for  the  presence  of  sodium  and  to  show 
that  none  of  the  potassium  pyroantimonate  is  preeipitated  by  the 
addition  of  alcohol  as  used  in  the  test,  by  adding  2  ml.  of  distilled 
water  and  3  ml.  of  95  per  cent,  alcohol  to  10  ml.  of  the  reagent. 
The  reagent  as  used  should  have  a  pH  of  approximately  9  and 
should  contain  between  31  and  37  mg.  of  antimony.  Because  of 
the  variable  purity  of  the  salt  it  is  advisable  to  test  as  follows.  Place 
2  ml.  of  the  reagent  into  a  100-ml.  pyrex  flask,  add  15  ml.  distilled 
water,  5  ml.  concentrated  hydroehlorie  acid,  and  2  ml.  20  per  cent, 
potassium  iodide  and  titrate  with  N/20  thiosulphate.  4-7  ml.  of  this 
should  be  required. 

2.  Ethyl  alcohol,  95  per  cent,  (v/v  from  alcohol  redistilled  over 
potassium  hydroxide). 

3.  Ethyl  alcohol,  30  per  cent.  (v/v). 

4.  N/20  sodium  thiosulphate. 

5.  Potassium  iodide,  20  per  cent,  solution.  Prepare  a  small 
amount  freshly  before  use. 

6.  Concentrated  hydrochloric  acid. 

7.  Starch,  1  per  cent,  solution. 

Technique.  Pipette  0-5  ml.  of  the  serum  (or,  if  desired,  the  ash  of 
an  equal  amount  of  serum  dissolved  in  normal  hydrochloric  acid  and 
made  alkaline  with  4  drops  of  1-8  N  potassium  hydroxide  (alcohol 
washed)  )  in  a  tapered  centrifuge  tube.  Add  5  ml.  of  the  pyro¬ 
antimonate  reagent,  cool  to  10°  C.  and  then  add  exactly  1-5  ml.  of 
the  95  per  cent,  alcohol,  also  cooled  to  10°  C.,  drop  by  drop,  whilst 
stirring  with  a  rubber-tipped  glass  rod.  This  addition  should  take 
at  least  thirty  to  forty-five  seconds.  Stopper  the  tube  and  allow  to 
stand  for  forty-five  to  sixty  minutes.  Centrifuge.  Without  dis¬ 
turbing  the  precipitate,  remove  as  much  as  possible  of  the  super¬ 
natant  fluid.  Add  5  ml.  of  30  per  cent,  alcohol,  mix  with  the  super¬ 
natant  fluid  remaining  and  centrifuge.  Remove  the  supernatant 
fluid.  Add  5  ml.  of  concentrated  hydrochloric  acid  to  the  precipitate 
and  dissolve  by  mixing,  using  the  glass  rod  already  used.  Transfer 
to  a  100  ml.  Pyrex  beaker,  washing  in  three  tinies  with  5  ml  of 
distilled  water.  Add  1  ml.  of  20  per  cent,  potassium  iodide  and 

to*0  oV'*?^  1  a  5  niicroburette  graduated 

?  .1  t  solution  when  the  colour 

of  the  iodine  has  almost  disappeared. 

Calculation.  Kach  nil.  of  N/20  thiosulphate  is  equivalent  to 
0-575  mg.  of  sodium.  Hence  H'^^vdicnc  to 

Mg.  of  sodium  per  100  ml.  of  serum 

=  ml.  ol  thiosulphate  required  in  the  titration  x  0-575  x  — 

=  ml.  of  thiosulphate  required  X  115. 


I’.C.B 
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Note.  Tlie  precipitate  has  the  formula  NagHaShgO,  from  which 
ill  presence  of  hydrochloric  acid  pentavalent  antimony  is  liberated 
and  reacts  with  the  iodide  to  form  trivalent  antimony  and  liberates 
iodine. 


IV.  Determination  by  Means  of  the  Flame  Photometer 


In  recent  years  the  development  of  the  flame  photometer  has  made 
possible  the  rapid  and  accurate  determination  of  sodium  and  potas¬ 
sium  so  that  large  numbers  of  estimations  can  be  done  in  a  short 
time.  In  this  instrument  the  solution  under  test  is  passed  under 
carefully  controlled  conditions  as  a  very  fine  spray  in  the  air  supply 
to  a  burner.  The  light  from  the  flame  is  passed  through  suitable 
filters  on  to  a  selenium  cell  or  other  photosensitive  element,  and  the 
amount  of  current  thus  produced  is  measured.  This  naturally  varies 
with  the  concentration  of  sodium,  for  example,  in  the  solution  which 
is  being  tested.  Using  solutions  of  known  sodium  content,  a  calibra¬ 
tion  curve  can  be  constructed  for  the  instrument  and  this  used  for 
reading  the  sodium  content  of  the  fluids  examined.  In  the  United 
States  flame  photometers  have  been  on  the  market  for  some  years. 
Recently  in  this  country  an  instrument  has  been  produced  by  Evans 
Electroselenium.  Alternatively  the  components  can  be  bought  and 
assembled,  and  a  number  of^home-made  instruments  are  in  use. 
The  reader  is  referred  to  the  papers  of  Rarnes,  Richardson,  Rerrj  and 
Hood  (1945)  and  of  Berry  et  al,  (1946)  where  the  principles  are  dis¬ 
cussed  and  an  American  tvpe  of  instrument  described  ;  also  to  the 
papers  of  Domingo  and  Klyne  (1949),  Spencer  (1950),  Brealey  and 
Ross  (1951),  Mitchell  (1950),  Gilbert,  Hawes  and  Beckman  (19o0), 


Hald  (1947,  1951).  ^  i 

Several  gases  have  been  used  for  the  flame.  These  include  acety¬ 
lene  coal  gas,  propane  and  butane.  Both  the  gas  pressure  and  air 
pressure  have  to  be  carefully  regulated  so  as  to  maintain  a  constant 
steadv  flame,  which  should  be  blue  in  colour  and  have  no  yellow 
streaks.  Whilst  ordinary  coal  gas  is  more  variable  m  composition 
than  the  others  it  has  been  satisfactorily  used.  The  temperature  of 
these  flames  differs  considerably.  This  is  important  m  regard  to  the 
extent  to  which  one  element  can  increase  the  excitation  of  another, 

is'V^^med  bf  air  through  an  atomizer, 

into  SX  Nuid  is  bLg  tested  is  drawn  either  by  suct^n 

Smtt'steadyrs^r/oT;;^^ 

if  there  is  to  be  a  constant  emission  of  light.  Ifie  ^  . 

instruments  ha\  c  one  made  o  n  There  is  usually  sufficient 

off. 
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The  light  produced  is  first  passed  through  a  lens  to  focus  it  and  then 
through  suitable  filters  before  it  falls  on  to  the  photosensitive  element. 
For  determining  sodium  an  orange  filter  and  a  blue  filter  can  be  used. 
These  together  make  it  possible  to  read  the  intensity  of  the  D  line 
(589  millimicrons).  For  potassium  a  deep  red  filter  is  used.  Suitable 
filters  are  :  orange,  OY  1  ;  blue,  Ilford  803  ;  deep  red,  Ilford,  609. 
For  the  photosensitive  element,  Domingo  and  Klyne  used  an  ordinary 
selenium  cell  for  sodium,  and  a  gas-filled  caesium  cathode  cell  for 
potassium.  With  phototubes,  however,  it  is  usually  necessary  to 
amplify  the  current  produced.  In  the  EEL  flame  photometer  an 
ordinary  selenium  cell  is  used  for  determining  both  sodium  and 
potassium.  A  mirror  collects  the  light  which  is  then  focussed  on  to 
the  cell.  In  this  way  sufficient  current  is  produced  even  for  potas¬ 
sium  at  comparatively  high  dilution.  Selenium  cells  are  also  avail¬ 
able  which  are  sensitive  well  into 
the  infra-red,  and  these  can  be 
used  with  the  above  filters  for 
determining  both  sodium  and 
potassium.  An  example  of  such 
a  cell  is  the  megatron  infra-red 
cell  of  Megatron  Limited.  When 
a  single  cell  is  used,  a  device  is 
included  by  which  the  filters  can 
be  changed  so  that  either  sodium 
or  potassium  can  be  determined. 

The  amount  of  current  produced 
is  read  on  a  suitable  galvano¬ 
meter. 

The  most  satisfactory  dilution 
to  use  should  be  established  ex¬ 
perimentally.  For  sodium  this 
may  be  1  in  100  or  higher,  for 
potassium  1  in  50.  In  determin¬ 
ing  the  amount  of  any  element 
present,  possible  interference  of 
other  elements  also  present  has  to  be  taken  into  account  In 
serum  there  is  approximately  sixteen  times  as  much  sodium  as 
potassium  so  that  while  the  latter  has  a  negligible  effect  on  the 
sodium  the  sodium  present  may  increase  the  amount  of  liaht  nro- 
duced  by  the  potassium.  This  effect  is  greater,  the  hifiier  the 
emperature,  so  that  it  is  less  with  a  propane  flame  than  with  coal 
gas  and  greatest  of  all  with  acetylene.  This  effect  should  not  be 

tnose  ot  another.  The  interference  due  to  sodium  on  tlie  determina- 
tion  of  potassium  in  serum,  which  has  a  relatively  constant  amount 
of  sodium  call  be  discounted  by  introducing  the  sanm  amrnt  of 
sodium  into  the  standards  as  is  present  in  the  serimT  '  • 


Fig.  56.  Flame  Photometer.  EEL 
model  (Evans  Eleetroselenium). 
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So  far  we  have  been  considering  the  simplest  type  of  instrument 
using  one  cell  when  a  determination  is  made — direct  flame  photometry 
— in  which  the  galvanometer  reading  is  proportional  to  the  concen¬ 
tration  of  substance  present.  As  an  example  we  have  the  EEL 
flame  photometer  shown  in  Fig.  56  and  diagrammatically  in  Fig.  57. 


Air  from  a  compressed  air 


Fig.  57. 


Flame  Photometer, 
of  EEL  model. 


cylinder  fitted  with  suitable  reducing 
valves  or  from  an  air  com¬ 
pressor,  is  introduced  into  the 
all-metal  atomizer  (1)  through 
a  control  valve  (2)  at  a  pressure 
indicated  on  a  gauge  (3) 
mounted  at  the  front  of  the 
instrument.  This  stream  of  air 
draws  liquid  from  the  sample 
being  tested  in  beaker  (4)  up  the 
inlet  tube  (5)  and  atomizes  it 
to  a  fine  spray.  The  atomizer 
clips  into  a  plug  (6)  at  one  end 
of  the  spray  chamber  (7)  in 
which  the  larger  droplets  fall 
from  the  air  stream  and  flow  to 
waste  through  the  drainage 
tube  (8).  Gas  (ordinary  coal 
gas  or  calor  gas)  is  introduced 
into  the  spray  chamber  through 
the  inlet  tube  (9)  which  is  con¬ 
nected  by  synthetic  rubber 
tubing  to  the  automatic  gas 
pressure  stabilizer  (10)  and  to  a 
control  valve  (11).  The  gas-air 
mixture  burns  in  a  broad,  flat 
flame,  and  the  hot  gases  pass  up 
a  well  ventilated  chimney  (12). 
Gauze  in  the  burner  tube  pre¬ 
vents  serious  firing  back  of  the 
flame.  The  light  emitted  by  the 
flame  is  collected  by  a  reflec¬ 
tor  (13)  and  focussed  by  a 
lens  (14)  through  the  inter¬ 
changeable  optical  filters  (15) 
on  to  an  EEL  barrier  layer 
selenium  photocell  (16).  The 


Diagram 


current  produced  is  taken  through  a  calibrated  potentiometer  (L)  t 
currenr  prouuccu  &  window  (19)  is  p  aced  between  the 

a  galvanometer  unit  (18).  A  glass  wmciow  ijy 
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in  the  specimen  being  examined  is  introduced  so  that  the  ratio  of  the 
lntensitro™he  lighremitted  by  the  substance  wh.ch  -  be. ng  deter- 
mined  can  be  compared  with  that  from  the  substance  added.  In  this 
way  several  sources  of  error  in  the  direct  reading  instrument 
can  be  overcome.  Thus  fluctuations  due  to  variations  in  the  atomizer 
and  flame  are  almost  eliminated  since  they  affect  both  substances 
equally.  Lithium  has  been  used  for  this  purpose  since  it  is  not 
present  in  blood  and  is  closely  related  to  sodium  and  potassium.  In 
instruments  using  this  principle,  two  photocells  are  used  arranged  as 
two  arms  of  a  Wheatstone  bridge.  The  reading  on  the  scale  thus 
corresponds  to  the  point  at  which  no  current  is  passing  through  the 
galvanometer.  An  internal  standard  type  of  flame  photometer  is 
described  by  Spencer  (1950). 


Normal  Values  for  Sodium.  The  sodium  of  the  blood  is  almost 
entirely  in  the  plasma.  The  normal  range  for  serum  sodium  is 
310-345  mg.  per  100  ml.,  or  136-150  milliequivalents  per  litre. 
Whole  blood  sodium  averages  about  190  mg.  per  100  ml. 

INTERPRETATION  OF  CHANGES  IN  SODIUM  AND  CHLORIDE 

Loss  of  chloride  may  occur  in  the  urine,  from  the  alimentary  tract 
in  the  vomit  or  in  diarrhoea,  and  in  the  sweat. 

1.  Loss  from  the  Alimentary  Tract.  Because  of  the  considerable 
amount  of  chloride  present  in  the  gastric  secretion,  prolonged  vomit¬ 
ing  from  whatever  cause  leads  to  a  reduced  content  of  chloride  in  the 
plasma.  Thus  in  pyloric  obstruction  large  amounts  of  gastric 
contents  may  be  lost  in  this  way  and  very  low  plasma  chloride  levels 
result.  When  the  gastric  contents  contain  a  high  concentration  of 
hydrochloric  acid  as  in  pyloric  stenosis  due  to  duodenal  ulcer,  there 
is  a  much  greater  loss  of  chloride  than  of  sodium,  which  is  retained 
in  the  plasma  as  sodium  bicarbonate.  In  such  cases  the  plasma 
chloride  may  fall  to  below  300  mg.  per  100  ml.,  that  is  to  approximate¬ 
ly  50  per  cent,  of  the  normal  level,  whereas  sodium  does  not  fall  to 
such  an  extent  and  does  not  go  below  about  250  mg.  per  100  ml. 
Wlien  there  is  vomiting  in  gastric  disease  in  which  there  is 
achlorhydria,  loss  of  chloride  more  closely  parallels  loss  of  sodium  and 
the  plasma  chloride  does  not  reach  such  low  figures. 

Vomiting  may  occur  in  a  number  of  other  conditions,  for  example, 
uriemic  and  diabetic  coma,  toxaemia  of  pregnancy,  and  contribute  to 
the  low  plasma  chloride  levels  found. 

Severe  prolonged  diarrhoea  may  also  lead  to  loss  of  sufficient 
sodium  chloride  to  reduce  the  plasma  chloride  considerably.  Since 
bicarbonate  is  present  in  the  secretions  into  the  small  intestine,  the 
fall  in  serum  sodium  in  diarrhoea  may  exceed  that  of  chloride  so  that 
plasma  bicarbonate  tends  to  be  reduced  a  little,  in  contrast  to  the 
increase  which  often  accompanies  prolonged  vomiting.  Severe 
diarrhoea  is  found  more  commonly  in  young  children  in  thi^  countrv, 
but  occurs  in  adults  in  such  conditions  as  ulcerative  colitis  and  is 
found  in  tropical  diseases  such  as  cholera.  In  ulcerative  colitis,  for 
example,  plasma  chloride  may  fall  well  below  400  mg.  per  100  ml. 
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2.  Loss  in  the  Urine.  While  chloride  excretion  practically  ceases 
in  normal  persons  when  the  plasma  chloride  falls  below  the  lower 
limits  of  normal,  in  some  conditions  chloride  excretion  continues  even 
when  there  are  subnormal  levels  of  plasma  chloride.  Thus  some 
chloride  is  excreted  in  the  urine  in  the  polyuria  of  advanced  chronic 
nephritis  and  diabetes,  even  though  the  plasma  chloride  is  appreciably 
below  the  lowest  normal  values.  The  most  interesting  condition  in 
which  chloride  continues  to  be  excreted  at  low  plasma  chloride  levels 
is  Addison’s  disease,  adrenal  cortical  insufficiency,  in  which  there  is  a 
deficiency  of  the  hormone  which  controls  the  excretion  of  salt  and  the 
distribution  of  sodium  and  potassium  in  the  body  fluids.  Excretion 
of  salt  continues  even  when  the  plasma  chloride  is  well  below  500  mg. 
per  100  ml.  It  is,  however,  only  in  the  crises  of  the  disease,  or  when 
these  are  approaching,  that  such  considerable  abnormalities  develop. 
Then  the  plasma  chloride  may  fall  to  below  400  mg.  per  100  ml. 
whilst  the  serum  sodium  is  reduced  towards  250  mg.  per  100  ml.  At 


other  times  these  are  normal,  or  nearly  so.  u-  » 

Tests  have  been  devised  to  aid  in  the  diagnosis  of  Addisons 
disease,  which  are  based  on  these  and  other  abnormalities  associated 
with  them.  One  is  the  test  of  Cutler,  Power,  and  Wilder  (1938)  m 
which  urine  chloride  is  determined  after  the  patient  has  been  placed 
on  a  low  sodium  chloride  and  high  potassium  diet.  Cutler  gives  a 
standard  diet  which  contains  0-95  gram  of  chloride,  0-59  gram  ot 
sodium,  and  4-1  gram  of  potassium  for  three  days.  Salt-free  bread 
and  butter  are  used,  and  salt  is  not  used  m  cooking.  Additional 
potassium  in  the  form  of  potassium  citrate  (one-third  ol  a  gram 
per  kilogram  on  the  afternoon  of  the  first  day  and  on  the  i^orni  g 
of  the  second  day)  is  given.  During  the  second  day  40  ml.  of  fluid 
per  kilogram  is  given,  and  20  ml.  per  kilogram  before  11  a.n^. 
In  the  morning  of  the  third  day.  Urine  is  c^hected  over  a  ^^-hou 
period  from  8  a.m.  to  12  noon,  on  the  morning  of  f 

is  fortv-eiffht  to  fifty-two  hours  after  beginning  the  test.  Uri 
chlLide  is  determine!  Normal  persons  were  found  to  have  a  ran 
from  17  to  141  mg.  per  100  ml.  (as  NaCl),  with  a  mean  of  55,  win 
Addison’s  disease  the  range  was  229  to  856  mg.  P"  1®® 

^Lg.ter  re\°peXdr 

should  exclude  it.  danger  since  it 

The  test  is  a  provocative  one  and  .s  not  »^^'‘™‘_®“Ser^„ended 

n  rrrlnd  0fTr£|rav»0. 

feItVs‘U7Ja?g^eTy‘d4ontinurf 

Robinson  and  Power  test  used.  „j>enal  extracts  or  synthetic 

is  not  likely  to  produce  toPP^Tt™  to  thme  days 

E"oing  the  ru"’sincJ it  is  mainly  used  for  diagnosis,  this  is 

not  likely  to  be  necessary. 
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The  Water  Excretion  Test  of  Kepler,  Power  and  Robinson  (1941) 

This  test,  which  is  in  two  parts,  is  based  respectively  on  two  facts. 
In  the  first  place  patients  having  Addison’s  disease  do  not  usually 
experience  diuresis  after  the  rapid  intake  of  a  considerable  amount 
of  water.  They  do  excrete  the  excess  of  water  eventually  but  the 
time  required  is  much  longer  than  with  normal  persons,  that  is,  in 
most  cases  of  Addison’s  disease  the  kidneys  continue  to  excrete  a 
fairly  concentrated  urine  even  after  the  patient  has  drunk  a  large 
volume  of  water.  In  the  second  place  there  is  a  tendency  for  excessive 
amounts  of  sodium  chloride  to  be  excreted  but  for  urea  to  be  retained. 
The  test  is  as  follows. 

Part  I.  (Based  on  the  volume  of  urine.)  On  the  day  preceding 
that  on  which  the  test  is  to  be  done  the  patient  eats  three  ordinary 
meals  with  fluids  as  desired  but  does  not  take  any  extra  salt.  No 
further  fluid  or  food  is  allowed  after  6  p.m.  At  10.30  p.m.  the  patient 
empties  the  bladder,  the  urine  being  discarded.  From  then  onw^ards 
all  the  urine  is  collected  and  added  to  that  passed  at  7.30  a.m.,  w^hen 
the  bladder  is  again  emptied.  The  volume  of  this  combined  urine, 
excreted  by  the  kidneys  between  10.30  p.m.  and  7.30  a.m.,  and  called 
the  night  urine,  is  measured  and  the  specimen  kept  for  possible 
chemical  analysis  later. 

No  breakfast  is  allowed. 

A  specimen  of  blood  for  estimation  of  blood  urea  and  plasma 
chloride  is  taken  between  8  and  8.30  a.m.  and  kept  for  possible  use  if 
part  II  of  the  test  has  to  be  proceeded  with. 

The  bladder  is  again  emptied  at  8.30  a.m.  and  then  within  the  next 
forty-five  minutes  a  volume  of  w^ater,  corresponding  to  20  ml.  per 
kilogram  of  body  w^eight  (9  ml.  per  lb.),  is  drunk.  The  patient  empties 
the  bladder  at  9.30,  10.30,  11.30  a.m.,  and  12.30  p.m.,  being  kept  at 
rest  in  bed  except  w'hen  passing  the  urine  specimens.  These  are 
kept  separately,  their  volumes  measured  and  that  of  the  largest  one 
noted.  The  patient  w'ith  Addison’s  disease  may  not  be  able  to  pass 
urine  hourly.  Then  the  volume  excreted  per  hour  may  be  calculated, 
though  often  such  calculation  is  not  necessary  because  of  the  low 
output  for  the  wliole  of  the  four-hour  period. 

The  criteria  to  be  used  in  interpreting  the  results  are  :  (1)  The 

test  is  negative  if  the  volume  of  the  largest  of  the  hourly  morning 
urine  specimens  is  greater  than  the  volume  of  the  night  urine.  The 
authors  state  that  they  met  no  exception  to  this.  (2)  Addison’s 
disease  may  or  may  not  be  present  if  the  volume  of  the  largest  hourly 
morning  specimen  is  less  than  the  volume  of  the  night  urine.  In 
this  event  the  second  part  of  the  test  is  carried  out. 

chemistry  of  the  blood  and  urine.)  Urea 
and  chloride  estimations  are  carried  out  on  the  night  urine  and  on 
the  plasma  from  the  fasting  blood  collected  as  described.  From 

ese  and  the  volumes  of  the  largest  hourly  morning  urine  specimen 
and  of  the  night  urine  a  factor  is  calculated  as  follows  : 

Factor  —  urine  (mg.  per  100  ml.)  ^  Chlorides  in  plasma 

Urea  in  plasma  (mg.  per  100  li^)  ^  ThbHKln  urhie~ 
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(mg.  per  100  ml.)  ^  Volume  of  largest  hourly  morning  urine  in  ml. 
(mg.  per  100  ml.)  Volume  of  the  night  urine  in  ml. 

The  criteria  to  be  used  in  interpreting  this  are  : 

(1)  If  the  factor  is  greater  than  25,  the  patient  has  probably  not 
got  Addison’s  disease. 

(2)  If  the  factor  is  less  than  25  the  patient  probably  has  Addison’s 
disease,  provided  the  presence  of  renal  failure  can  be  excluded. 
Low  values  are  also  obtained  in  secondary  hypoadrenalism  due  to 
hy  popitu  itarism . 

It  is  suggested  that  when  the  result  of  Part  II  of  the  test  is  equi¬ 
vocal  or  if  it  is  negative  when  there  is  strong  clinical  evidence  in 
favour  of  Addison’s  disease,  the  Cutler,  Power  and  Wilder  test 
referred  to  above  may  be  carried  out  and  proceeded  with  immediately. 

Kepler,  Power  and  Robinson  obtained  low  factors  in  cases  of 
nephritis,  diabetes  insipidus  and  in  a  case  of  dehydration  and  fever. 
The  question  of  Addison’s  disease  only  arose  in  two  of  these  cases  and 
it  was  excluded  by  the  Cutler,  Power  and  Wilder  test.  See  also 
Levy,  Power,  and  Kepler  (1946). 

The  author  has  used  this  test  for  some  years  and  found  it  a  useful 
procedure.  No  untoward  effects  were  noted  in  any  case. 


3.  Loss  of  Chloride  in  the  Sweat.  Considerable  quantities  of  sodium 
chloride  may  be  lost  in  the  sweat.  In  this  connection  it  is  important 
to  remember  that  there  are  two  kinds  of  sweat,  insensible  and 
sensible.  The  former  evaporates  continuously  from  the  body  under 
all  conditions  in  an  amount  averaging  about  600  ml.  daily.  It 
contains  little  chloride.  Sensible  sweat  secreted  when  the  body 
temperature  rises,  may  contain  from  100  to  500  mg.  of  sodium 
chloride  per  100  ml.,  averaging  about  250  mg.  per  cent,  m  Luropeans. 
Whilst  little  salt  is  lost  ordinarily  in  this  way  considerable  quantities 
mav  be  lost  when  there  is  heavy  perspiration.  Whether  or  not 
there  is  a  fall  in  plasma  chloride  depends  on  whether  or  not  water 
is  drunk  in  amounts  suflicient  to  make  good  the  loss  of  water. 
Since  sweat  is  usually  hypotonic  compared  with  plasma,  if  there  is 
no  replenishment  of  fluid,  loss  of  water  may  be  greater  than  the  loss 
of  salt  so  that  while  plasma  volume  tends  to  fall,  plasma  ch  oride 
tiids  to  increase.  However,  if  adequate  water  is  drunk,  plasma 
chloride  falls  and  similar  symptoms  and  changes  in  blood  constituents 
are  found  as  in  the  previously  mentioned  cases  of  low  plasma  chloride. 
Shice  this  condition  may  be  found  in  workers  who  perspire  freely 
and  because  muscular  spasms  arc  one  of  the  symptoms,  this  has  een 
termed  “  miner’s  ”  cramp,  though  it  may  occur  m  any  person 
sweats  freely  and  only  makes  good  the  water  lost. 

D  A  rhinride  in  some  Infectious  Diseases.  Although  the 
k  Sron  clear  low  plasnm  chloride  levels  are  observed 
Z  "r  feetTons.  ^hus  in  meningitis  the  low  cembjo 

pneumonia. 
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\\e  have  already  discussed  the  plasma  chloride  level  in  renal 
disease  (p.  124)  and  seen  that  very  variable  findings  are  the  rule. 
The  factors  making  for  reduced  chloride  level  are  vomiting,  the 
polyuria  and  the  formation  of  oedema  fluid  and  also  the  effect  of  a 
possibly  reduced  intake  of  salt.  Consequently,  low  plasma  chloride 
levels  frequently  tend  to  be  found  in  the  later  stages  of  chronic 
glomerulonephritis  but  are  less  frequently  seen  in  other  stages  and 
types  of  renal  disease. 

Increases  in  plasma  chloride  are  not  nearly  so  important  as  are  the 
reduced  levels  so  far  discussed.  They  are  found  occasionally  in 
some  types  of  nephritis,  particularly  in  acute  nephritis,  and  may  also 
be  seen  in  diseases  of  the  urinary  tract  where  there  is  obstruction  to 
the  flow  of  urine,  for  example,  in  enlarged  prostate,  though  other 
factors  in  all  these  cases  may  operate  to  counteract  this. 

A  tendency  towards  increased  plasma  chloride  has  been  reported 
in  Cushing’s  syndrome  (hyperadrenalism)  in  which  the  increased 
secretion  of  the  adrenal  cortex  gives  an  opposite  set  of  changes  to 
those  found  in  Addison’s  disease. 


Dehydration 


Owing  to  the  close  connection  between  chloride  and  water  distri¬ 
bution  in  the  body,  chloride  loss  is  accompanied  by  loss  of  water 
leading  to  dehydration.  Estimation  of  plasma  and  urine  chloride 
and  of  other  serum  electrolytes  have  been  widely  used  in  this  state. 
Our  knowledge  of  this  subject  has  been  greatly  clarified  during  the 
last  fifteen  years  since  the  work  of  McCance  (1936,  1938)  and  has 
been  surveyed  by  Marriott  (1947,  1950)  in  a  series  of  lectures  which 
should  be  read  by  all  concerned  with  this  subject.  See  also  Black 
(1951).  Marriott  stresses  the  importance  of  distinguishing  between 
three  types  of  dehydration. 

(a)  Pure  water  depletion,  which  occurs  when  insufficient  water  is 
taken  without  there  being  any  significant  loss  of  chloride  Thic 


.1  oiiiHiiisnea  osmotic 

tiie  chloride  loss. 


pressure  consequent  on 
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his  co-workers  (1941,  1942)  and  primary  and  secondary  dehydration 
by  Marriott  who  now  prefers  the  terms  water  and  salt  depletion. 

The  different  symptoms  arise  from  the  differing  effect  on  the 
extracellular  fluid.  In  pure  water  depletion,  the  osmotic  pressure  of 
the  extracellular  fluid  is  increased,  whereas  in  salt  depletion  it  is 
reduced,  so  that  the  fluid  is  hypertonic  and  hypotonic  respectively. 
In  pure  water  depletion  water  is  drawn  from  the  cells,  thus  tending 
to  maintain  the  volume  of  the  extracellular  fluid  ;  in  salt  depletion 
there  is  no  such  tendency  and  the  kidneys  excrete  water  in  an  attempt 
to  keep  up  the  osmotic  pressure  of  the  extracellular  flpid.  Hence  in 
water  depletion  there  is  marked  reduction  in  the  volume  of  intra¬ 
cellular  fluid  with  normal  or  but  slightly  reduced  volume  of  the  extra¬ 
cellular  fluid  ;  in  salt  depletion  intracellular  fluid  remains  normal 
but  there  is  marked  reduction  in  the  volume  of  extracellular  fluid,  a 
reduction  which  is  greater  in  the  interstitial  fluid  than  in  the  plasma. 

Among  the  results  of  water  depletion  are  the  following.  Urine 
volume  falls  to  a  minimum,  approximately  500  ml.  if  the  kidneys 
are  normal,  and  the  specific  gravity  rises,  exceeding  1-030  and  even 
1-040  on  occasion.  The  plasma  sodium  chloride  tends  to  rise,  as 
does  the  blood  urea,  though  slowly.  There  is  usually  an  appreciable 
amount  of  chloride  in  the  urine. 

In  salt  depletion,  on  the  other  hand,  provided  water  is  being  taken, 
urine  volume  remains  normal  and  may  even  be  increased  in  the 
earlier  stages,  though  there  is  delayed  excretion  of  ingested  water. 
As  the  condition  progresses  there  is  a  fall  in  plasma  chloride  which 
may  reach  300  mg.  per  100  ml.  and  even  lower,  whilst  blood  urea 
rises,  sometimes  very  considerably.  There  is  marked  shrinkage  in 
plasma  volume,  which  tends  to  maintain  normal  plasma  chloride 
levels  even  though  considerable  chloride  loss  has  occurred.  Ihe 
consequence  is  that  by  the  time  plasma  chloride  is  much  reduced, 
chloride  loss  has  been  very  great.  As  a  result,  absence  of  urine 
chloride  is  a  more  delicate  index  than  plasma  chloride  and  its  estima¬ 
tion  either  bv  the  approximate  method  of  Fantus  or  by  the  accurate 
chemical  method,  gives  valuable  information  both  m  ^^^g^osis  and 
in  following  treatment.  According  to  Marriott  if  only  1  drop  of 
silver  nitrate  is  required  in  the  Fantus  test  (p.  333),  chloride  should 
be  regarded  as  “absent.”  This  points  to  salt  depletion  only  f 
diuresis  is  not  occurring  since  it  may  be  found  m  normal  persons 
verv  dilute  urine  is  being  passed.  If  the  specific  gravity  is  over 
1-020  less  than  3  drops,  that  is  less  than  3  grams  p^  litre,  sugg  ■ 
deplelion  patient  is  very  unlikely  to  be  suffering  from  sal 

depleUon  Tf  the  urine  contains  5  grams  per  litre  or  over,  Addison  s 

1*''=  °rceir“A.w  :rthrcLSHt.rcr:;cworide  i^ss 

to"™ch  a  mixed  depletion  if 

The  effects  of  vomiting  and  diarrhoea  on  the  relative  ai 
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sodium  and  chloride  and  bicarbonate  ions  has  already  been  referred 
to.  It  is  plain  that  the  sodium  level  is  a  better  index  of  the  elec¬ 
trolyte  loss  than  is  the  plasma  chloride,  since  bicarbonate,  whic 
forms  part  of  the  total  anion  present  in  the  plasma,  may  also  be  consi¬ 
derably  altered,  whereas  sodium  accounts  for  almost  the  whole  ot  the 
cations.  However,  unless  a  flame  photometer  is  available,  chloride 
and  bicarbonate  determinations  are  more  quickly,  easily,  and 
reliably  made  than  is  the  estimation  of  sodium.  But  both  together 
are  really  necessary  for  assessing  the  true  loss  of  electrolyte.  It  is 
the  sum  of  chloride  and  bicarbonate  which  should  be  used.  If  they 
are  to  be  added,  it  is  necessary  to  express  them  in  terms  of  milli- 


equivalents  per  litre. 

To  eonvert  mg.  per  100  ml.  into  milliequivalents  per  litre  it  is  only 

necessary  to  multiply  by  10  and  divide  by  the  equivalent  weight,  thus: 

.  ,  mg.  per  100  ml.  X  10 

milliequivalents  per  litre  =  ■  ;  n — i - •  .  .  • 

^  ^  equivalent  weight 

Using  this  we  can  convert  the  amount  of  the  various  anions  and 
eations  present  in  the  plasma  into  milliequivalents  per  litre  and 
make  it  possible  to  add  the  two  groups  up  and  see  what  change  has 
oecurred  either  relatively  or  absolutely  in  them. 

For  the  chief  inorganic  constituents  the  equivalent  w'eights  are  : 


Sodium  . 

Potassium 
Caleium  . 

Magnesium 
Chloride  . 

Phosphate  (as  phosphorus) 
Sulphate  (as  sulphur) 
Bicarbonate 


.  23 

.  391 

.  20 
.  12 

35*5  (as  Cl)  ;  58-5  (as  NaCl) 
.  31  1-8 

.  32  ^  2 

.  84 


I  he  factor  1*8  used  for  phosphate  is  derived  from  the  proportion  of 
dihydrogen  and  monohydrogen  phosphate  present  at  the  pH  of  body 
fluids. 

To  convert  alkali  reserve  expressed  as  volumes  COg  per  cent,  (see 
p.  359)  into  milliequivalents  per  litre  divide  by  2-24. 

Proteins  are  included  with  the  anions  in  summing  up  the  total 
equivalenee  to  base.  Van  Slyke  uses  a  faetor  of  2-43,  so  that 
milliequivalents  per  litre  of  protein 


=  grams  protein  per  100  ml.  2-43. 

The  relative  part  played  by  the  various  constituents  in  maintaining 
the  acid  base  balance  is  shown  as  follows  (Gamble,  1947)  : 


Base.  Na.  . 

K.  . 
Ca.  . 
Mg.  . 


inEq. /litre 

142 
5 
5 
3 


Acid.  HCO3 
Cl.  . 

HPO4 

SO, . 

Organic  acids 
Proteins  . 


mEq. /litre 

27 
103 
2 
1 
6 

16 
1^ 
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Examples  of  tlie  v'ariatioiis  in  tlie  distribution  of  these  electrolytes 
ill  several  of  the  conditions  discussed  in  this  chapter  are  shown  in 
diagrammatic  form  in  Fig.  58,  based  on  diagrams  in  Gamble’s  book 
Chemical  Anatomy,  Physiology,  and  Pathology  of  Extracellular  Fluid, 


R  =  ACiO  RAOiCUES  other  THAM  C|.  and  HCO3 

Fig.  58.  Acid  Base  Balance. 

Harvard  University  Press  (Gamble,  1947),  to  which  the  reader  is 
referred  for  a  full  discussion  of  this  subject. 


POTASSIUM 

Determination  of  Serum  Potassium.  Method  of  .Jacobs  and  Hoffmann, 
(1931) 

The  potassium  is  precipitated  directly  from  serum  as  J 
sodium’^obaltinitrite,  K,NaCO(NO,)„  H,0  After  sm  able  waslung, 
the  amount  of  cobalt  in  the  precipitate  is  determined  colorimetrica  ly, 
u^nrthe  green  colour  produced  after  the  addition  of  choline  eh  oride 
bv  tL  actfon  of  sodium  ferrocyanide.  A  standard  potassium  solution 
mC  L  treated  similarly  or  1  cobalt  solution  already  standardised 
ai?ainst  a  known  potassium  solution  may  be  used  direct  y.  ,^.  ,11 
^ReagenS^  1.  Ldium  cobaltinitrite  reagent  (Kramer  and  Tisdall, 

1921).  Prepare  two  solutions  : 
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Solution  A.  Dissolve  25  grams  of  cobaltous  nitrate  in  50  ml.  of 

water,  and  add  to  the  solution  12-5  nd.  of  glacial  acetic 

Solution  B.  Dissolve  120  grams  of  sodium  nitrite  (this  should  be 

potassium  free)  in  180  ml.  of  water.  About  220  ml.  of  solution  is 

obtained. 

Add  210  ml.  of  solution  B  to  all  solution  A.  Evolution  of  nitric 
oxide  occurs  immediately.  Draw  air  through  the  reagent  untd  all 
the  gas  has  been  drawn  off.  A  few  hours  may  be  required.  Keep 
in  a  refrigerator  and  filter  before  using.  The  reagent  will  keep  tor 
about  a  month. 

2.  Ethyl  alcohol,  70  per  cent.  (v/v). 

3.  Choline  hydrochloride,  1  per  cent,  solution. 

4.  Sodium  ferrocyanide,  2  per  cent,  solution. 

5.  Standard  cobalt  solution.  Various  cobalt  salts  have  been  used. 
Dissolve  0-372  gram  of  cobaltous  nitrate,  Co(N03)2,  OHgO,  or  0-359 
gram  of  cobaltous  sulphate,  C0SO4,  7H2O,  or  0-506  gram  of  cobalt 
ammonium  sulphate  in  water  and  make  up  to  a  litre.  The  latter  salt 
recommended  by  King  et  al.,  (1942)  is  the  most  convenient  owing  to 
the  hygroscopic  nature  of  the  others.  In  any  case  the  cobalt  solution 
should  be  standardized  against  the  standard  potassium  solution 
(20  mg.  per  100  ml.)  put  through  as  described  for  the  test.  The  above 
cobalt  solutions  are  equivalent  to  0-1  mg.  potassium  per  ml.  Once 
standardized  the  cobalt  solutions  keep  well. 

6.  Stock  potassium  standard  (10  mg.  per  ml.).  Dissolve  2-228 
grams  of  pure  dry  potassium  sulphate  in  water  and  make  up  to  100  ml. 

7.  Standard  potassium  solution  for  use  (20  mg.  per  100  ml.  or 
0-2  mg.  per  ml.).  Dilute  2  ml.  of  stock  standard  to  100  ml.  with 
water. 

Technique.  Pipette  1  ml.  of  serum  into  a  tapered  centrifuge  tube 
graduated  at  6  ml.  Add  2  ml.  of  sodium  cobaltinitrite  reagent 
slowly,  shaking  continuously.  Stand  for  forty-five  minutes,  add  2  ml, 
of  water,  mix  the  contents  well  and  centrifuge  for  fifteen  minutes 
at  a  moderate  speed.  Remove  the  supernatant  fiuid  by  inverting 
the  tube  and  allowing  to  drain  on  a  filter  paper  for  a  short  time. 
Run  1  ml.  of  w-ater  down  the  sides  of  the  tube,  centrifuge  for  five 
minutes,  and  again  invert  and  drain.  Then  run  in  2  ml.  of  70  per 
cent,  alcohol  and  mix  with  the  precipitate  by  means  of  a  stirring  rod, 
centrifuge  for  five  minutes,  invert  and  drani.  Repeat  the  washing 
with  alcohol.  ° 

After  the  final  draining,  add  2  ml.  of  water  and  place  in  a  boiling 
water  bath  for  ten  minutes,  shaking  frequently  to  dissolve  the 
precipitate.  A  small  amount  of  insoluble  material,  probablv  protein 
may  be  left,  but  this  does  not  interfere.  Allow  to  cool  and  add  first 
1  ml.  of  1  per  cent,  choline  hydrochloride  and  then  1  ml.  of  2  per  cent 
sodium  ferrocyanide.  Make  up  to  the  6  ml.  mark.  At  the  same 
time  treat  2  ml.  of  the  cobalt  standard  in  the  same  way,  again  making 
up  to  6  ml.  Compare  the  two  solutions  in  the  colorimeter  The 
colour  is  stable  for  hours.  With  the  photoelectric  colorimeter  use 
an  orange  filter,  or  transmission  at  620  millimicrons. 
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Calculation.  Two  ml.  of  cobalt  solution  are  equivalent  to  0*2  mg. 
of  potassium  and  1  ml.  of  serum  was  taken.  For  the  photoelectric 
colorimeter  : 

Mg.  potassium  per  100  ml.  serum 

Reading  of  unknown 
~  Reading  of  standard  ^  ^ 

Reading  of  unknown 

= _ ° ^  20. 

Reading  of  standard 

A  standard  curve  can  be  made  by  treating  varying  amounts  of 
a  standardized  cobalt  solution  with  choline  hydrochloride  and  sodium 
ferrocyanide,  as  follows  : 


Mg.  K  per  100  ml.  serum  . 

0 

4 

8 

12 

16 

20 

25 

Ml.  of  cobalt  standard  (1  ml.= 

:0-2  mg.  K) 

0 

0-2 

0  4 

0-6 

0-8 

10 

1-25 

Ml.  water 

•  • 

20 

1-8 

1-6 

1-4 

1-2 

10 

0-75 

It  should  be  noted  that  the  cobalt  solution  is  double  the  strength  of 
that  given  above. 

Notes.  1.  All  methods  of  estimating  potassium  are  open  to  doubts 
as  to  the  constancy  of  the  composition  of  the  precipitate  formed. 
Carried  out  as  described,  this  method  appears  to  give  a  precipitate 
with  a  cobalt  content  sufficiently  stable  for  the  requirements  of  the 
test. 

2.  Barry  and  Rowland  (1953)  have  recently  studied  the  precipita¬ 
tion  of  potassium  by  cobaltinitrite  from  serum.  They  use  the 
following  technique  which  is  claimed  to  give  more  complete  precipita¬ 
tion.  Add  3  ml.  of  the  cobaltinitrite  reagent  to  1  ml.  of  serum  and 
mix  by  rotating  the  tubes  between  the  palms  of  the  hands.  Stand 
two  hours  at  room  temperature  (15  C.  or  above),  centrifuge  ten 
minutes  at  2,500  r.p.m.  and  decant  the  supernatant  fluid.  Wipe  the 
mouth  of  the  tube,  add  5  ml.  of  35  per  cent,  ethyl  alcohol,  washing 
down  the  sides  of  the  tube.  Mix  with  the  precipitate  using  a  fine 
glass  rod.  Centrifuge  again  for  five  minutes  and  decant.  Repeat 
the  washing  twice.  Add  3  ml.  of  water  to  the  washed  precipitate, 
immerse  in  boiling  water,  and  mix  until  dissolved.  Colour  develop¬ 
ment  is  then  carried  out  as  described  above. 

3.  In  view  of  the  small  amount  of  potassium  present  in  the  serum 
and  the  large  amount  present  in  the  cells  it  is  obviously  most  impor¬ 
tant  to  avoid  any  haemolysis  and  any  diffusion  of  potassium  out  o 
the  cells  into  the  serum.  The  plasma  potassium  increases  gradually 
when  whole  blood  is  allowed  to  stand.  Accordingly  non-haemolyzed 
serum  separated  soon  after  taking  the  blood  should  be  used. 

4.  Ammonium  salts  interfere  since  ammonium  cobaltinitrite  is  aEo 
verv  insoluble.  So  any  contamination  with  ammonium  salts  shou 
be  avoided.  Also  the  estimation  should  be  done  on  fresh  serum  and 
not  on  serum  which  may  have  stood  for  some  t.me  and  becon.e 
contaminated  with  bacteria. 
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Other  methods.  Looney  and  Dyer  (1912)  have  used  precipitation 
as  potassium  silver  cobaltinitrite  from  a  protein-free,  ehloride-tree 
filtrate.  Nitrite  is  liberated  from  the  precipitate  and  estimated  by 
means  of  the  colour  with  sulphanilamide  and  N-(l -naphthyl)  ethylene 
diamine  dihydrochloride  used  in  the  Bratton  and  Marshall  method 

for  estimating  sulphonamides.  , 

Van  Slyke  and  Rieben  (1944)  have  described  titrimetric  and 
gravimetric  methods  using  precipitation  of  potassium  as  the  phospho- 
12-tungstate. 

Potassium  can  be  rapidly  estimated  by  means  of  the  flame  photo¬ 
meter  as  indicated  on  p.  338. 

INTERPRETATION 

The  normal  serum  potassium  ranges  from  15  to  22  mg.  per  100  ml. 
(3-9  to  5-6  milliequivalents  per  litre).  Much  the  greater  part  of  the 
blood  potassium  is  in  the  cells  so  that  the  potassium  content  of  whole 
blood  averages  about  200  mg.  per  100  ml.  Whole  blood  potassium 
consequently  varies  considerably  with  the  red  cell  count.  Only 
serum  potassium  estimations  have  been  used. 

An  increase  in  serum  potassium  is  often  found  in  severe  Addison’s 
disease  (adrenal  cortical  insufficiency)  particularly  in  the  crises  of 
that  condition.  Values  up  to  and  over  30  mg.  per  100  ml.  are  usually 
found,  but  figures  up  to  40  to  50  have  been  reported.  There  is 
diminished  excretion  of  potassium  in  the  urine  and  a  restricted  intake 
of  potassium  benefits  the  condition.  Increases  have  also  been 
reported  in  uraemic  coma  and  in  acute  intestinal  obstruction. 

A  decrease  in  serum  potassium  is  found  during  the  attacks  of 
paralysis  occurring  in  patients  with  familial  periodic  paralysis.  The 
potassium  is  more  usually  found  in  the  region  10  to  12  mg.  per 
100  ml.  but  ranges  from  8  to  14  mg.  per  100  ml.  The  condition  is 
relieved  by  giving  potassium  chloride.  A  low  serum  potassium  may 
be  produced  by  severe  diarrhoea  and  vomiting,  and  has  been  reported 
in  Cushing’s  syndrome. 

Injection  of  adrenaline  is  followed  by  a  temporary  rise,  injection 
of  insulin  in  considerable  dosage  by  a  temporary  fall  in  serum  potas- 
siuni.  The  very  low  values  which  may  be  produced  in  this  way 
during  the  treatment  of  diabetic  coma  have  been  referred  to 
previously  (p.  81). 
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CHAPTER  XIX 

ACID-BASE  BALANCE 


The  body  has  a  number  of  methods  available  by  which  it  can  keep 
the  uH  of  the  blood  within  normal  limits.  These  make  of  several 
substances  present  in  blood,  which  can  neutralize  the  effect  of  any 
influx  of  acidic  or  alkaline  products,  and  of  the  excretion,  particularly 
bv  the  lungs  and  kidneys,  of  some  of  the  substances  produced  by  these 
buffering  reactions.  Important  in  this  connection  are  the  following. 

1 .  The  blood  bicarbonate.  There  are  present  in  blood  both  the  weak 
base,  bicarbonate,  and  the  weak  acid,  carbonic  acid  Stronger  acids 
react  with  bicarbonate  to  form  the  weak  carbonic  acid,  whilst  alkalies 
react  with  carbonic  acid  to  form  bicarbonate,  so  that  there  is  little 
change  in  pH  in  either  case  Since  carbon  dioxide  is  continuously 
being  produced  in  the  body  and  being  removed  by  the  lungs,  this 
buffering  system  is  a  most  important  one.  The  carbon  dioxide 
formed  by  neutralization  of  bicarbonate  can  be  rapidly  removed  by 
the  lungs,  and  carbon  dioxide  is  readily  available  to  neutralize  alkalies 
to  form  bicarbonate  which  can  be  excreted  by  the  kidneys. 

2.  Phosphates.  The  phosphate  present  in  body  fluids  is  a  mixture 
of  the  monohydrogen  and  dihydrogen  salts,  the  former  being  weakly 
alkaline  and  the  latter  weakly  acidic.  Accordingly  relatively  little 
change  in  pH  results  from  the  conversion  of  one  to  the  other,  yet  an 
equivalent  amount  of  a  strong  acid  or  base  is  required  to  bring  this 
about,  for  example. 


Na2HP04  +  HCl  =  NaCl  -f  NaH2P04 


This  system  is  more  important  in  the  tissues  than  in  the  blood,  in 
which  it  plays  only  a  minor  part. 

3.  The  plasma  proteins.  At  the  pH  of  blood  plasma  these  play 
the  part  of  weak  acids  and  can  combine  with  some  base.  However, 
this  buffering  power  is  small  compared  with  that  of  the  other  systems. 

4.  The  red  cells  also  play  an  important  part  in  pH  regulation. 
Several  processes  contribute  to  this.  Haemoglobin,  as  a  weak  acid, 
is  mainly  combined  with  potassium  in  the  cells.  It  is,  however,  a 
stronger  acid  as  oxy haemoglobin  than  as  reduced  haemoglobin,  and 
so  takes  up  or  releases  base  as  oxygenation  varies.  Carbon  dioxide 
can  pass  into  the  cell  where  carbonic  anhydrase  catalyses  formation 
of  carbonic  acid.  Chloride  is  also  involved  since  the  ratio  of  HCO, 
ions  in  cells  and  plasma  equals  that  of  Cl  ions  in  cells  and  plasma! 
The  chloride  shift  which  results  from  transfer  of  carbonic  acid  and 
lormation  of  carbonic  acid  in  the  cells  alters  the  relative  amount  of 
chloride  and  bicarbonate  and  so  influences  the  pH. 

5.  The  kidneys  are  mainly  important  in  conservim?  base,  ^'wo 
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phosphate  the  salt  exereted  is  the  monosodium  instead  of  the  diso¬ 
dium,  and  in  the  case  of  ketosis,  for  example,  a  greater  proportion  of 
the  j8-hydroxybutyric  acid  is  excreted  as  the  acid  than  as  the  salt. 
Also,  by  forming  ammonia  and  excreting  ammonium  salts  instead  of 
sodium  salts  fixed  base  is  conserved. 

6.  The  part  played  by  the  lungs  in  removing  carbon  dioxide  has 
been  referred  to  above. 

For  a  more  complete  account  of  the  maintenance  of  the  normal  • 
acid-base  balance  larger  works  of  physiology  should  be  consulted. 
Here  we  shall  be  concerned  mainly  with  variations  in  the  bicarbonate 
carbonic  acid  system.  Tests  based  on  alterations  in  this  are  most 
frequently  used  in  studying  disturbances  in  acid-base  balance.  The 
term  alkali  reserve,  that  is  the  base  available  for  neutralizing  acids 
produced  in  the  body,  is  commonly  used  as  being  equivalent  to  the 
plasma  bicarbonate. 


Determination  of  the  Plasma  Bicarbonate 

1.  Gasometric  Method  of  Van  Slyke  and  Cullen  (1917) 

Blood  is  taken  under  liquid  paraffin  and  the  plasma  immediately 
separated  by  centrifuging.  The  plasma  is  shaken  with  expired  air 
so  that  it  takes  up  as  much  carbon  dioxide  as  it  can  hold.  A  known 
volume  of  this  plasma  is  acidified  to  liberate  the  carbon  dioxide  from 
the  bicarbonate  present.  A  partial  vacuum  is  produced,  and  the 
volume  of  carbon  dioxide  liberated,  is  measured.  This  consists  of 
the  carbon  dioxide  derived  from  the  bicarbonate  and  that— usually 
a  much  smaller  amount — in  physical  solution.  In  the  calculation 
this  latter  is  subtracted  so  that  the  volume  reported  gives  a  measure 
of  the  bicarbonate  in  the  plasma  examined. 


Apparatus.  The  apparatus  used  is  that  of  Van  Slyke  and  is  shown  in 
Fiff.  59.  This  consists  of  a  50  ml.  pipette  with  a  two-way  tap  at 
end  The  upper  part  is  a  tube  of  just  over  1  ml.  capacity  about  5  to  6 
inches  in  lengt^h  calibrated  from  the  top  downwards  in  (>;02  ml.  divisions 
This  widens  out  a  little  at  the  lower  end  and  has  the  2-5  ml.  mark 
just  before  the  bulb  of  the  pipette  is  reached.  lower  side  of 

the  bulb  is  the  50  ml.  mark  on  the  very  short  neck  between  the  bulb 
and  the  lower  stop  tap  B.  The  upper  two-way  tap  A  connects  the 
pipette  with  a  cup  C  used  for  introducing  liquids  into  the  FPette, 
with  the  side  tube  D  used  for  removing  liquids  from  the 
lltZus  Tl,f  ower  tap  B  connects  the  pipette  with  two  tubes 
E  and  F  into  the  wider  tube  F  of  which  the  liqu.d  can  be  wtlidrawn 
Tfter  the  carbon  dioxide  has  been  liberated,  the  mercury  then  be  g 

anTl^ight.  be  held  in  position  with  strong  rubber 
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bands,  or  be  of  the  type  with  small  springs  attaclied  so  as  to  prevent 
the  taps  from  being  forced  out  by  the  pressure  of  the  mercury.  There 
is  also  a  good  deal  to  be  said  for  fastening  the  base  of  the  tripod  to 
e  bench.  Three  retort  rings  should  be  fixed  in  positions  such  that 


IS 

the  bench.  Three  retort  rings  siiouia  oe  nxea  m  posuiuns  sucu  Luai- 
the  mercury  reservoir  can  be  placed  (1)  just  above  the  level  of  tap  A, 

(2)  just  below  the  level  of  the  2-5  ml.  mark  on  the  pipette,  and 

(3)  about  80  cm.  below  the  level  of  the  lower  tap  B  which  should 
bring  the  mercury  level  in  the  apparatus  to  about  the  middle  of  E. 

The  apparatus  should  always 
be  carefully  tested  immediate¬ 
ly  before  use  to  prove  that  it 
is  airtight  and  free  from  gases. 

To  do  this,  fill  the  pipette 
completely  with  mercury  and 
force  a  little  into  each  of  C 
and  D.  Turn  tap  A  at  right 
angles  and  lower  the  mercury 
reservoir  to  well  below  the 
level  of  tap  B  with  this  tap 
open.  When  the  bulb  is  raised 
again  the  mercury  should 
completely  refill  the  pipette 
and  should  strike  the  stop  tap 
A  with  a  smart  click. 

Reagents.  1.  Lactic  acid. 

Dilute  the  concentrated  acid 
(specific  gravity  1-25)  1  to  10 
with  water.  Alternatively, 
tartaric  acid  as  a  20  per  cent, 
aqueous  solution,  or  5  per 
cent,  sulphuric  acid  (v/v)  may 
be  used.  The  organic  acids 
are  to  be  preferred,  particu¬ 
larly  if  whole  blood  is  used. 

2.  Caprylic  alcohol. 

Technique.  The  blood 
should  be  withdrawn  without 
stasis  into  a  syringe  containing 
a  little  liquid  paraffin  and 
then  placed  into  a  centrifuge 
tube  containing  some  liquid 
paraffin  together  with  some  finely  powdered  potassium  oxalate  (see 
p.  6).  Rotate  the  tube  to  mix  the  blood  with  the  oxalate  and  then 

plasma.  This  may  be  kept  if  desired  but 
if  so,  bacterial  action  must  be  prevented.  ’ 

with  alveolaAir*!  ‘  Pkceatoufs  mV.*of  th^pllsmaTn'to  a^elSf'd''^ 

afZwn^iXg!'  00  t“fbottirMror‘l  ^  H 

t..e  n.„kt„e  i.?  ti.e 


356  PRACTICAL  CLINICAL  BIOCHEMISTRY 

piece,  aiul,  breathing  noriiially,  expire  quickly  and  as  completely 
as  possible.  Insert  the  stopper  into  the  funnel  just  before  the  end 
of  the  expiration.  Close  the  tap,  disconnect  the  funnel  and  rotate 
for  a  few  minutes  so  that  the  plasma  is  spread  out  in  as  thin  a  layer 
as  possible  on  the  walls.  Then  stand  upright  and  allow  the  plasma 
to  drain  into  the  bottom  of  the  funnel. 

In  determining  the  carbon  dioxide  which  can  be  liberated,  fill  the 
apparatus  with  mercury,  allowing  a  little  to  go  through  into  both 
C  and  D.  Shut  off  tap  A.  Wash  the  cup  C  with  water  or  carbonate- 
free  dilute  ammonia  in  order  to  remove  any  traces  of  acid.  Run 
1  to  2  ml.  of  distilled  water  into  the  cup,  and  add  a  small  drop  of 
caprylic  alcohol  to  reduce  the  frothing  which  may  occur  in  the 
pipette  later.  With  the  tip  of  the  pipette  below  the  level  of  the 
water  in  C,  run  in  1  ml.  of  the  plasma  from  the  separating  funnel. 
With  care  it  is  possible  to  run  this  in  so  that  it  forms  a  sharply 


mouth 

Piece 


Fig.  00.  Apparatus  for  saturating  Plasma  with  Carbon  Dioxide. 


defined  layer  below  the  water.  With  the  reservoir  in  position  2 
or  held  somewhere  between  positions  1  and  2,  allow  the  plasma  to  run 
slowly  into  the  pipette  by  cautiously  opening  the  tap  A.  Allow  the 
whole  of  the  plasma  and  about  0-5  ml.  of  water  to  run  in  before 
closing  the  tap  again.  Then,  in  the  same  way,  run  0-5  ml.  of  the 
acid  into  the  cup  underneath  the  water.  Again  cautiously  opening 
the  tai),  allow  tlie  acid  to  run  slowly  into  the  pipette  followed  ly 
enough  water  to  bring  the  total  volume  of  liquid  m  the  pipette  to 
the  2  5  ml.  mark.  Close  the  tap  by  turning  at  right  angles  and  seal 
off  by  placing  a  small  amount  of  mercury  m  the  ^ 

The  Liount  of  acid  required  is  only  approximately  O-o  ml.,  but  the 
total  volume  of  liquid  in  the  pipette  should  be  exactly  2^5  nd. 

Lower  the  mercury  reservoir  to  the  position  about  80  cm.  b 
the  lower  tap  B.  Allow  the  mercury  level  to  run  down  to  the  50  ml. 
mark  and  close  tap  B.  Remove  the  pipette  from  its  clamp  and 
invert  about  15  to  20  times,  or  use  a  shaking  apparatus,  and  bring 
UrcLbon  dioxide  into  equilibrium  between  the  2-5  nd.  of  solut.ou 
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tne  reservoir  auo  v  7  ,,  •  i  ij  4.1,^ 

mixture  remains  above  the  mercury  level  111  the  pipette,  hold  tl 

mercury  level  in  the  reservoir  at  a  height  above  the  mercury  j^vel 
in  the  pipette  corresponding  to  one-thirteenth  of  the  height  ot  the 


aimeous  layer.  1  j  .  • 

Wash  out  the  apparatus  with  distilled  water  after  each  determina¬ 
tion.  Run  the  plasma-acid  mixture  through  the  side  tube  D  and  then 
admit  distilled  water  from  the  cup  C,  mix  well  with  the  mercury  by 
lowering  the  reservoir  down  to  the  lowest  ring.  After  a  time,  how¬ 
ever,  the  apparatus  becomes  contaminated  with  bits  of  grease  and 
protein,  and  more  thorough  cleaning  is  necessary.  Strong  alkali 
can  be  introduced  as  washing  agent.  It  is  desirable  occasionally  to 
dismantle  and  clean  thoroughly. 

If  the  volume  of  gas  evolved  is  more  than  1  ml.  in  volume,  or  if 
the  volume  of  plasma  available  is  less  than  1  ml.,  carry  out  the  test 
on  0-5  ml.  of  plasma,  using  half  quantities  throughout,  that  is,  using 
a  total  volume  of  1-25  ml.  instead  of  2-5  ml.  The  observed  volume 
of  carbon  dioxide  is  then  multiplied  by  2  and  the  alkali  reserve 
calculated  as  described  below. 

Calculation.  An  approximate  result  can  be  obtained  by  multiplying 
this  volume  of  carbon  dioxide  by  100,  and  subtracting  12.  This  gives 
the  alkali  reserve  in  ml.  of  carbon  dioxide  per  100  ml.  of  plasma. 
The  possible  error  introduced  by  using  such  an  approximation  will 
be  of  the  order  of  d:  3  ml.  carbon  dioxide  per  100  ml.  plasma,  for  the 
usual  range  of  temperature  and  pressure.  Such  an  error  is  not 
serious  from  a  clinical  standpoint,  so  that  this  simplified  calculation 
may  be  used  for  ordinary  purposes. 

Otherwise  the  temperature  and  barometric  pressure  must  be 
measured.  The  volume  of  carbon  dioxide  liberated  is  multiplied  by 


Table  XVIII 


Factors  for  Multiplying  by  R/760 


li 


B/760 


B 


B/760 


B 


B;760 


730 

732 

734 

736 

738 

740 

742 

744 


0-961 

0-963 

0-966 

0-968 

0-971 

0-974 

0-976 

0-979 


746 

748 

750 

752 

754 

756 

758 

.760 


0-982 

0-984 

0-987 

0-989 

0-992 

0-995 

0-997 

1-000 


762 

764 

766 

768 

770 

772 

774 

776 


1-003 

1-005 

1-008 

1-011 

1-013 

1-016 

1-019 

1-021 
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B/760  where  B  is  the  barometric  jiressure,  in  mm.  of  mercury.  This 
corrected  volume  is  then  used  for  reading  the  chemically  bound 
carbon  dioxide  directly  from  lable  XIX.  A  table  is  also  given  from 
which  B  /760  can  be  read. 


Table  XIX 

For  Calculation  of  Carbon  Dioxide  Combining  Power  of  Plasma  (Van 

Slyke  and  Cullen,  1917) 


Observed 
vol.  gas 

B 

Ml.  CO,  reduced  to  0°  C.,  760  mm. 
bound  as  bicarbonate  by  100  ml. 
plasma 

Observed 
vol.  gas 
B 

^TCO 

760 

15° 

to 

o 

o 

25° 

30° 

0  20 

91 

9-9 

10-7 

11-8 

0-60 

1 

101 

10-9 

11-7 

12  6 

1 

2 

no 

11-8 

12  6 

13-5 

2 

3 

12  0 

12-8 

13-6 

14-3 

3 

4 

130 

13-7 

14-5 

15-2 

4 

5 

13-9 

14-7 

15  5 

161 

5 

6 

14  9 

15-7 

16-4 

170 

6 

7 

15  9 

16  6 

17-4 

180 

7 

8 

16-8 

17-6 

18-3 

18-9 

8 

9 

17-8 

18-5 

19-2 

19-8 

9 

0  30 

18-8 

19-5 

20-2 

20-8 

0-70 

1 

19  7 

20-4 

21  1 

21-7 

1 

2 

20-7 

21-4 

22- 1 

22  6 

2 

3 

21-7 

22-3 

230 

23-5 

3 

4 

22  6 

23-3 

240 

24  5 

4 

5 

23-6 

24  2 

24-9 

25-4 

5 

6 

24  6 

25-2 

25-8 

26  3 

6 

7 

25-5 

26-2 

26-8 

27-3 

7 

8 

26-5 

27  1 

27-7 

28-2 

8 

9 

27-5 

28-1 

28-7 

29  1 

9 

0-40 

28-4 

29  0 

29-6 

30  0 

0-80 

1 

29-4 

30  0 

30-5 

310 

1 

2 

30-3 

30-9 

31-5 

31-9 

2 

3 

31-3 

31-9 

32  4 

32-8 

3 

4 

32-3 

32-8 

33-4 

33-8 

4 

5 

33  2 

33-8 

34-3 

34-7 

5 

6 

34-2 

34  7 

35  3 

35-6 

6 

7 

35-2 

35-7 

36-2 

36-5 

7 

8 

36  1 

36-6 

37-2 

37-4 

8 

9 

371 

37-6 

381 

38-4 

9 

0-50 

381 

38-5 

390 

39-3 

0-90 

1 

39  1 

39-5 

400 

40-3 

1 

2 

40  0 

40  4 

40  9 

41-2 

2 

3 

41  0 

41  4 

41-9 

42  1 

3 

4 

420 

42-4 

42-8 

43  0 

4 

5 

42-9 

43  3 

43-8 

43-9 

5 

6 

43-9 

44  3 

44-7 

44  9 

6 

7 

44-9 

45  3 

45  7 

45-8 

7 

8 

45-8 

46-2 

46-6 

46-7 

8 

9 

46-8 

471 

47-5 

47-6 

9 

0-60 

47-7 

481 

48-5 

48-6 

100 

Ml.  CO;  reduced  to  0°  C.,  760  mm. 
bound  as  bicarbonate  by  100  ml. 
plasma 


15° 


47-7 


48- 7 

49- 7 

50- 7 
51  0 
52-6 
536 
54-5 
.55-5 

56- 5 

57- 4 


58-4 
59  4 
()0-3 


20° 


481 


490 
500 
51  0 

51- 9 

52- 8 

53- 8 

54- 8 

55- 7 
50-7 
57-(5 


58  0 
59-5 
(;o-5 


25° 


48-5 


49  4 

50  4 

51  3 
52-2 
53  2 
541 

55  1 

56  0 
570 
57-9 


58- 9 

59- 8 

60- 7 


30° 


48-6 


49-5 

50  4 

51  4 
52-3 

53  2 

54  1 

55- 1 

56  0 

56- 9' 

57  9 


58-8 
59  7 
60-6 


61- 3 

62- 3 

63- 2 

64- 2 

65- 2 
661 
67-1 


681 
690 
700 
71  0 

71- 9 

72- 9 

73- 9 

74- 8 

75- 8 

76- 8 


77- 8 

78- 7 

79- 7 

80- 7 

81- 6 

82-6 
836 

84- 5 

85- 5 

86- 5 


61- 4 

62- 4 
63  3 

64- 3 

65- 3 
60-2 
67-2 


68  1 

69  1 

70  0 

71  0 

72  0 

72- 9 

73- 9 

74- 8 

75- 8 

76- 7 


77- 7 

78- 6 

79- 6 

80- 5 

81- 5 

82- 5 

83- 4 

84- 4 

85- 3 

86- 2 


61-7 

61-6 

62-6 

62-5 

63  6 

63-4 

64  5 

*  64-3 

65-5 

65  3 

66-4 

66-2 

67-3 

671 

68-3 

680 

69-2 

690 

70-2 

09-9 

71-1 

70-8 

721 

71-8 

730 

72-7 

740 

73-6 

74-9 

74-5 

75-8 

75-4 

70-8 

76-4 

77-7 

77-3 

78-7 

78-2 

79-6 

79-2 

800 

801 

81-5 

810 

82-4 

820 

83-4 

82-9 

84-3 

83-8 

85-2 

84-8 

86-2 

85-7 
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"Sr™  method  gives  the  ml.  of  carbon  dioxide  which  are 
combined  as  bicarbonate  in  100  ml.  plasma  at  0  C.  and  /  60  mm. 
mercury.  The  capacity  of  the  plasma  to  combine  with  carbon 
dioxide  depends  on  the  amount  of  alkali  available  and  so  is  a  measure 
of  the  alkali  reserve.  Strictly  speaking  the  term  alkali  reserve 
applies  to  all  the  base  which  is  available  for  removing  relatively 
strong  acids  formed  or  introduced  into  the  body,  thus  keeping  the 
hydrogen  ion  concentration  of  the  plasma  within  normal  limits.  It 
includes  base  combined  with  other  substances  such  as  phosphates, 
plasma  proteins,  haemoglobin.  But  this  use  of  the  term  alkali 
reserve  to  refer  to  the  plasma  bicarbonate  is  sufficiently  accurate  for 
clinical  purposes. 

The  normal  range  for  the  alkali  reserve  by  this  method  is  from 
53  to  75  ml.  of  carbon  dioxide  per  100  ml.  plasma,  sometimes  referred 
to  as  volumes  per  cent.  Expressed  as  mg.  bicarbonate  per  100  ml. 
plasma  this  is  200  to  285  ;  or  24  to  35  milliequivalents  per  litre. 
Both  increase  and  decrease  occur  in  pathological  conditions.  These 
may  either  be  due  to  a  primary  change  in  plasma  bicarbonate,  or  be 
secondary  to  a  change  in  the  carbonic  acid  content  of  the  blood. 
According  to  whether  these  changes  produce  or  tend  to  produce  a 
decrease  or  increase  in  the  plasma  pH  they  lead  to  an  acidosis  or  an 
alkalosis  respectively.  The  pH  is  influenced  by  both  the  concen¬ 
tration  of  carbonic  acid  and  of  bicarbonate,  thus 

...  .  Carbonic  acid  concentration  [HoCOo] 

11  ion  concentration  oc  -rp - ^ - - - - — - rprrrFTFrn 

Bicarbonate  concentration  [BHCC)3j 


e  see  that  there  are  four  possibilities,  as  follows  : 

A.  Acidosis  mav  result  from 

1 .  Primary  loss  of  bicarbonate. 

2.  Primary  increase  in  the  carbonic  acid  content  of  the  plasma. 
Both  these  changes  tend  to  produce  an  increase  in  H  ion  concen¬ 
tration  in  the  plasma,  and  to  decrease  the  pH. 

B.  Alkalosis  may  result  from 

1.  Primary  increase  in  plasma  bicarbonate. 

2.  Primary  decrease  in  the  carbonic  acid  content  of  the 
plasma. 


These  changes  tend  to  produce  a  decrease  in  H  ion  concentration 
of  the  plasma,  and  to  increase  the  pH. 

It  should  be  noted  that  whenever  one  of  these  primary  changes 
occurs  there  is  an  attempted  comjiensatory  change  in  the  other  factor. 
Thus  primary  loss  of  iDicarbonate  is  accompanied  by  a  secondary 
decrease  in  plasma  carbonic  acid  brought  about  by  an  increased  rate 
of  breathing  which  washes  out  more  carbon  dioxide  from  the  alveolar 
air,  whilst  primary  increase  in  bicarbonate  leads  to  a  reduced  rate  of 
breathing  with  increase  in  plasma  carbonic  acid.  On  the  other  hand 
primary  increase  in  carbonic  acid  content  leads  to  compensatorv 
increase  m  plasma  bicarbonate,  jirimary  decrease  in  carbonic  acid  to 
deceased  plasma  bicarbonate.  As  a  result  of  these  compensatorv 
changes,  when  there  are  slight  to  moderate  variations  in  bicarbonate. 
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plasma  pH  is  kept  within  normal  limits.  With  marked  alterations, 
however,  eompensation  is  inadequate  and  changes  in  pH  result. 

It  is  thus  seen  that  abnormal  plasma  bicarbonate  may  occur  in 
all  the  four  groups  of  conditions  given  above. 

Diminished  Alkali  Reserve.  Primary  Loss  of  Bicarbonate.  The 
two  conditions  in  which  the  lowest  values  for  plasma  alkali  reserve 
are  found  are  diabetic  coma  and  uraemic  coma,  in  both  of  which  it 
may  fall  to  below  10  volumes  per  cent.  Coma  is  usually  present 
when  a  figure  below  15  is  reached.  From  normal  to  30  volumes  per 
cent,  may  be  regarded  as  showing  a  mild  to  moderate  degree  of 
acidosis,  usually  adequately  compensated  ;  below  30  the  acidosis  is 
an  increasingly  severe  one. 

Starvation  may  lead  to  a  ketosis  similar  to  that  of  diabetes  and  to 
a  reduced  alkali  reserve.  Dehydration  resulting  from  loss  of  a 
considerable  amount  of  fluid  from  the  intestine,  as,  for  example,  in 
diarrhoea,  may  lead  to  a  moderate  reduction  in  alkali  reserve  to 
between  40  and  50  volumes  per  cent.,  since  there  is  bicarbonate  in 
the  secretions  into  the  small  intestine.  There  is  also  some  reduction 
in  toxaemia  of  pregnancy  and  a  tendency  for  there  to  be  a  slight  fall 
in  normal  pregnancy. 

An  acidosis  arising  from  defective  reabsorption  of  bicarbonate  in 
the  renal  tubules  has  been  recognized.  The  plasma  bicarbonate  is 
reduced,  the  alkali  reserve  being  between  normal  and  about  20 
volumes  per  cent,  (about  10  milliequivalents  per  litre).  This  is 
accompanied  by  an  increase  in  plasma  chlorides.  The  condition  is 
termed  hyperchlorsemic  renal  acidosis  (see  Latner  and  Burnard, 

1950  ;  Milne  et  al.,  1952).  , 

2.  Primary  Decrease  in  Plasma  Carbonic  A-cid.  Secondary  Decrease 
in  Plasma  Bicarbonate.  This  arises  whenever  there  is  hyperventi¬ 
lation  due  to  an  increased  rate  of  breathing  so  that  abnormally  large 
quantities  of  carbon  dioxide  are  washed  out  of  the  blood.  This  may 
occur  physiologically  at  high  altitudes  and  clinically,  for  example, 
in  cases  of  encephalitis  and  in  hysteria.  The  compensatory  fall  in 
bicarbonate  produces  an  alkali  reserve  between  40  and  50  volumes 


^  Increased  Alkali  Reserve.  1.  Primary  Increase  in  Bicarbonate. 
The  commonest  cause  of  this  is  the  excessive  loss  of  hydrochloric  acid 
in  the  vomiting  which  occurs  in  cases  of  pyloric  stenosis  or  spasm 
associated  most  often  with  duodenal  ulcer.  The  base  set  free 
is  combined  as  bicarbonate  thus  producing  a  high 
When  the  increase  is  small,  to  80  to  90  \mlumes  per  cen  .,  P  „ 

satory  change  in  plasma  carbonic  acid  usually  keeps  plasma  pH 
wflhin  normal  limits,  but  is  not  able  to  do  so  m  severer  eases  in  which 
the  alkali  reserve  may  reach  100  to  120  volumes  per  cent. 

Inie^  o^S  We  anmunts  of  bicarbonate  may  also  raise  the 
alkalf  reserve  considerably,  particularly  if  there  is  some  renal 


Increase  in  Plasma  Carbonic  Acid.  Secondary  Increase 


ACID-BASE  BALANCE 


361 


acidosis  is  compensated  by  a  small  to  moderate  increase  in  plasma 
bicarbonate,  with  alkali  reserve  up  to  80  to  90  volumes  ' 

This  may  be  seen  in  pneumonia,  emphysema,  in  some  heart  conditions 
in  which  there  is  lung  congestion,  and  in  asphyxia. 

Tetany,  which  we  have  already  seen  occurs  when  there  is  reduced 
serum  calcium  (p.  297),  may  also  develop  in  alkalosis,  and  so  may  be 
found  in  conditions  in  which  there  is  primary  decrease  in  plasma 
carbonic  acid  or  primary  increase  in  plasma  bicarbonate. 


II.  Van  Slyke  Titration  Method  (Van  Slyke,  1922) 

Plasma  bicarbonate  has  also  been  estimated  by  direct  titration  of 
the  plasma.  This  is  not  so  easy  to  carry  out  as  the  above  and  has 
not  been  as  much  used.  The  results  of  the  tw'o  methods  naturally 
parallel  each  other.  In  Van  Slyke’s  form  of  the  titration  method 
an  excess  of  acid  is  added  to  plasma  from  blood  collected  as  before 
under  paraffin.  The  mixture  is  then  titrated  back  to  the  pH  of  the 
original  plasma  using  plasma  saline  -j-  indicator  as  control. 

Reagents.  1.  Sodium  chloride,  0-9  per  cent,  solution. 

2.  N/lOO  hydrochloric  acid.  Prepare  by  diluting  stock  N/IO  acid 
with  0-9  per  cent,  sodium  chloride  solution. 

3.  N/lOO  carbonate-free  sodium  hydroxide  solution.  Prepare 
from  stock  carbonate-free  N/10  solution  by  diluting  with  0-9  per 
cent,  sodium  chloride.  Prepare  freshly  before  use. 

4.  Stock  0-1  per  cent.  ])henol  red  solution.  Take  0-1  gram  of  the 
indicator  and  4-1  ml.  of  N/20  sodium  hydroxide  and  make  to  100  ml. 
with  water.  Dilute  3  ml.  to  10  ml.  with  water  to  get  the  0-03  per 
cent,  solution. 

5.  Phenol  red  solution,  pH  7*4.  Add  35  drops  of  0-03  per  cent, 
phenol  red  solution  to  100  ml.  of  0-9  per  cent,  sodium  chloride. 
Adjust  to  pH  7-4  by  means  of  N/lOO  sodium  hydroxide.  Test  the 
pH  by  comparing  with  15  ml.  of  a  phosphate  standard  of  pH  7-4  to 
which  5  drops  of  0-03  per  cent,  phenol  red  have  been  added.  Cover 
the  solution,  when  prepared,  with  a  layer  of  liquid  paraffin.  Prepare 
freshly  before  use. 

Technique.  Take  the  blood  under  paraffin  as  described  previously 
into  an  oxalate  tube  containing  paraffin,  and  centrifuge  immediately. 
Remove  the  plasma  and  keep  under  oil.  Pipette  1  ml.  of  this  and 
add  to  20  ml.  of  the  saline-phenol  red  solution  under  paraffin  in  a 
test  tube.  Pipette  another  ml.  of  plasma  into  a  small  round- 
bottomed  flask  and  add  5  ml.  of  N/lOO  hydrochloric  acid.  Whirl  the 
flask  about  foi  at  least  one  to  two  minutes  to  allow  the  carbon  dioxide 
to  escape.  Then  pour  the  solution  into  a  test  tube  similar  to  the  one 
already  used,  washing  in  with  10  ml.  of  0-9  per  cent,  sodium  chloride. 
Add  7  drops  of  the  phenol  red  solution  and  titrate  with  N/lOO  sodium 
hydroxide  until  the  colour  matches  that  of  the  standard  tube.  The 
final  colour  comparison  should  not  be  made  until  at  least  thirty 
seconds  after  the  addition  of  the  last  drop  of  alkali,  since  as  the  end 
point  IS  approached,  each  drop  of  alkali  appears  to  send  the  colour 
past  the  end  point  but  shifts  back  after  a  few  seconds.  Another 
drop  has  then  to  be  added.  This  is  continued  until  the  test  and 
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standard  match  at  least  thirty  seconds  after  the  last  addition  of 
alkali. 

Carry  out  a  blank  titration  on  5  ml.  of  the  N/lOO  acid  to  which 
10  ml.  of  0-9  per  cent,  sodium  chloride  and  7  drops  of  phenol  red  have 
been  added. 

All  the  tubes  used  should  be  scrupulously  cleaned. 

Calculation.  If  T  ml.  N/lOO  sodium  hydroxide  are  required  for 
the  test  and  R  ml.  (approximately  5)  for  the  blank,  then  there  are 
(R  —  T)  ml.  of  N/lOO  or  M/100  sodium  bicarbonate  per  ml.  of  plasma, 
that  is  (B  —  T)  ml.  of  N  or  IM  bicarbonate  per  100  ml.  plasma.  To 
convert  into  ml.  of  carbon  dioxide  per  100  ml.  plasma  we  need  only 
to  multiply  this  by  22*4,  since  1  molecular  weight  in  grams  of  bicar¬ 
bonate  gives  1  molecular  weight  in  grams  of  carbon  dioxide  and  this 
occupies  22-4  litres.  One  litre  of  M/l  bicarbonate  contains  1  mole¬ 
cular  weight  of  the  salt  and  so  produces  22-4  litres  of  carbon  dioxide. 
Hence  1  ml.  of  M/1  NaHCOg  gives  22-4  ml.  So  ml.  carbon  dioxide 
per  100  ml.  plasma  =  (B  —  T)  in  ml.  X  22-4. 


III.  Approximate  Capillary  Method  of  Wootten  and  King  (1949) 


This  is  a  rapid  approximate  method  which  may  be  useful  in  certain 
circumstances. 

Reagents.  1.  Chlorophenol  red  solution.  0-04  per  cent,  in  water. 

2.  Standard  acids.  Prepare  a  series  of  standard  acids  bv  diluting 
N/10  acid.— N/10,  N/12,  N/15,  N/17,  N/20,  N/25,  N/30  .  .  .'N/55  are 
suggested.  Keep  in  waxed  bottles, 

3.  Set  of  British  Drug  Houses  capillator  standards  for  chlorophenol 
red. 

Technique.  Prepare  a  small  Pasteur  type  pipette  and  graduate  at 
about  1  inch  and  2  inches  along  the  capillary  from  the  end,  so  that 
the  volume  to  mark  2  is  twice  that  at  mark  1.  Measure  the  chloro¬ 
phenol  red  indicator  up  to  mark  2  and  place  on  a  small  watch  glass. 
Add  one  of  the  standard  acids  to  mark  1  and  then  1  volume  of  the 
plasma  which  has  been  shaken  with  alveolar  air.  Mix  well  and 
measure  the  joH  by  drawing  up  into  the  capillary  tube  and  comparing 
with  the  capillator  standards.  Find  the  acid  which  gives  a  final  pH 


of  5*5. 

Calculation.  Carbon  dioxide  combining  powder,  in  volumes  per 
cent.  =  1,165  X  Normality  of  the  acid  required  to  reduce  the  pH  to 
5-5.  The' factor  1,165  was  determined  empirically  by  comparison 

with  the  gasometric  methods.  ,  ,  „ 

Example.  If  N/20  acid  is  required,  the  alkali  reserve  is  l,165/-0, 

that  is  58  volumes  per  cent.  ,  ,  •  ,  .  i 

Standard  deviation  from  the  gasometric  method  is  ±  4  vol«»jes 
per  cent.  A  modification  of  this  metliod  has  been  de.scribod  by 

Lehmann  (1951). 


Carbon  Dioxide  Content  of  Alveolar  Air 

Whilst  determination  of  tlie  alkali  reserve  is  tlie 
frequently  carried  out  in  connection  with  acid-base  equilibi  lum  of  tl  e 
blood,  others  have  been  used  and  will  be  referred  to  now. 
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Deternimation  of  blood  carbonic  acid  can  be  made  but  is  rare  y 
done.  More  often  an  indication  of  its  amount  is  obtained  by  measur¬ 
ing  the  earbon  dioxide  eontent  of  the  alveolar  air  which  is  m  equili- 
brfum  with  the  earbon  dioxide  of  the  arterial  blood.  This  is  of  most 
value  in  conditions  where  the  aeid-base  disturbance  is  due  to  a 

primary  alteration  in  the  blood  earbonic  acid.  r  i 

On  breathing  out  it  has  been  shown  that  an  expiration  of  400  ml. 
is  suflieient  to  wash  out  eompletely  the  respiratory  dead  space  so 
that  further  expired  air  can  be  regarded  as  genuine  alveolar  air. 
Accordingly  the  patient  breathes  out  normally  and  then  follows  this 
with  a  forced  exiiiration  to  give  alveolar  air  for  analysis. 

In  the  method  of  Haldane  and  Priestley  (1904-05)  a  sample  of 
such  air  is  collected  and  analysed  in  the 
Haldane  gas  analysis  apparatus.  For  collect¬ 
ing  the  specimen  of  air,  they  used  a  long 
straight  tube  about  a  metre  long  and  2  cm. 
diameter  which  had  a  capillary  side  tube  near 
one  end  through  which  a  sample  could  be 
obtained.  This  tube  was  fitted  with  a  piece 
of  hose  about  4  feet  long.  Boothby  and 
Peabody  (1914)  fitted  a  three-way  valve  in 
between  this  tube  and  the  patient.  For  a 
different  apparatus,  see  Henderson  and  Morris 
(1917). 

The  Fridcricia  apparatus  (Poulton,  1915) 
combines  both  collection  and  analysis.  It  is 
less  accurate  theoretically  than  the  Haldane 
method  but  the  error  thus  introduced  is  not 
appreciable  clinically  or  when  compared  with 
successive  estimations  using  the  more  accu¬ 
rate  methods.  This  apparatus  is  shown  in 
Fig.  61.  The  capacity  of  the  tube  and  bulb 
between  taps  A  and  B  is  100  ml.,  the  tube  C 
having  about  10  ml.  volume  and  being 
calibrated  in  0-1  ml.,  or  in  0-1  per  cent,  of  the 
total  volume  if  this  is  not  exactly  100  ml. 

Wash  the  apparatus  out  with  5  per  cent,  acetic  acid  before  use. 

When  using,  hold  the  apparatus  with  tap  A  open  and  with  tap  B 
arranged  so  that  E  connects  with  C.  At  the  beginning  of  an  expira¬ 
tion  place  the  mouth  at  the  end  of  tube  M  and  breathe  out  as  com¬ 
pletely  as  possible  through  the  apparatus  wliich  is  thus  washed  out 
and  left  full  of  alveolar  air.  Close  tap  A  at  the  end  of  the  expiration 
and  place  the  apparatus  in  water  at  room  temperature  for  five 
minutes.  Ihis  cools  the  air  in  the  apparatus  to  room  temperature 
at  which  the  remainder  of  the  test  will  be  carried  out.  Some  con¬ 
traction  of  air  occurs  drawing  into  C  some  of  the  air  in  E.  At  the 
end  of  the  five  minutes  turn  tap  B  to  connect  F  with  D.  Then  dip 
1)  into  a  10  per  cent,  sodium  hydroxide  solution,  some  of  which  is 
carefully  drawn  up  into  E  by  means  of  a  rubber  teat  on  the  end  of  E 
turn  tap  B  to  connect  E  with  C  and  force  some  of  the  sodium 


Fig. 


61.  Fridericia’s 
Apparatus. 
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hydroxide  into  C.  Then  immediately  turn  the  tap  so  as  to  connect 
1)  and  E  and  force  the  alkali  rnn  ont  of  E.  By  inverting  several 
times,  the  carbon  dioxide  in  the  air  in  C  is  absorbed  by  the  alkali. 
Replace  the  apparatus  in  the  water  which  then  rises  through  D 
into  E.  Turn  the  tap  to  connect  C  with  D  and  leave  in  the  water  for 
five  minutes.  Raise  the  apparatus  until  the  water  in  the  calibrated 
tube  is  at  the  same  level  as  the  water  in  the  bath.  Turn  the  tap  to 
join  D  and  E  and  take  out  of  the  w^ater  and  read  the  level  in  C  which 
thus  gives  directly  the  per  eent.  of  earbon  dioxide  in  the  alveolar  air. 

INTERPRETATION 

The  normal  range  by  this  method  gives  4-7  to  5*1  volumes  of  carbon 
dioxide  per  cent,  for  men  and  from  about  4-2  to  4-6  for  women.  Low 
values  are  found  in  alkalosis  due  to  primary  decrease  in  plasma 
carbonic  acid,  for  example,  in  hyperventilation  ;  and  in  acidosis  as  a 
secondary  change  when  the  blood  carbonic  acid  is  lowered  by  a 
compensatory  hyperventilation  aecompanying  a  primary  reduetion 
in  plasma  bicarbonate.  Values  then  range  from  4-8  to  3-2  in  mild 
acidosis,  from  3-2  to  2-3  in  moderate  to  severe  acidosis,  and  below  2-3 
in  severe  acidosis.  Increases  are  obtained  in  acidosis  due  to  primary 
increase  in  blood  carbonic  acid  arising  from  deficient  removal  of 
carbon  dioxide  from  the  lungs,  as  in  asphyxia.  Increase  may  also 
occur  as  a  compensatory  phenomenon  when  there  is  alkalosis  arising 
from  primary  increase  in  plasma  bicarbonate.  Diminished  pul¬ 
monary  ventilation  leads  to  reduced  elimination  of  carbon  dioxide 
from  the  lungs,  retention  of  carbonic  acid  in  the  blood  and  increased 
concentration  in  the  alveolar  air. 


Determination  of  the  Hydrogen  Ion  Concentration  of  the  Plasma 

This  may  be  done  by  electrometric  or  colorimetric  methods. 
Relatively  simple  colorimetric  methods  can  be  used  if  a  pH  meter  is 
not  available. 


Colorimetric  Method  of  Cullen  and  Hawkins  (Cullen,  1922  ;  Hawkins 

1923) 

Plasma  obtained  from  blood  collected  as  described  under  alkali 
reserve  is  mixed  with  a  phenol  red-salt  solution  and  matched  against 
standard  phosphate-phenol  red  mixtures  of  known  pH. 

Reagents.  1.  Sodium  chloride,  0-9  per  cent,  solution. 

2.  Phenol  red-salt  solution,  pH  Prepare  as  m  the  titration 

method  for  plasma  bicarbonate,  p.  361. 

3.  Phosphate  standards.  Sorensen’s  „rams 

Prepare  M/15  solutions  of  disodium  hydrogen  phosphate  (11  grains 
TfX  HPO„  2H,0  or  9-47  grams  of  the  anh>Tlrous  ni  a  litre  ^f 
solution)  and  of  potassium  dihydrogen  phosphate 

anhydrous  salt  per  litre  of  solution).  Mix  as  shown  on  the  nex  }  g 

Pre;fr“  rftlnda«lsT;"wing  to  1  r,  inl.  of  eaeh  of  these  5  drops 
(0-3  ml.)  of  a  0  03  per  cent,  phenol  red  solution,  as  prepare  ,  } . 


ACID-BASP:  13ALANCE 


365 


pH 

M/15 

NajHPO,  ml. 

M/15 

KHjPO,  ml. 

pH 

M/15 

NajHPOj  ml. 

M/15 

KHjPO,  ml. 

7-00 

61-1 

38-9 

7-45 

82-5 

17-5 

7-05 

63-9 

36-1 

7-50 

84-1 

15-9 

14-3 

7-10 

66-6 

33-4 

7-55 

85-7 

7-15 

69-2 

30-8 

7-60 

87-0 

13-0 

7-20 

72-0 

28-0 

7-65 

88-2 

11-8 

7-25 

74-4 

25-6 

7-70 

89-4 

10-6 

7-30 

76-8 

23-2 

7-75 

90-5 

9-5 

7-35 

7-89 

21-1 

7-80 

91-5 

8-5 

7-40 

80-8 

19-2 

Wliilst  the  phosphate  solutions  will  keej)  in  the  refrigerator  in  hard 
glass  vessels  for  a  few  weeks  it  is  advisable  to  make  up  the 
standards  freshly  on  the  day  on  which  they  are  to  be  used. 

Technique.  Set  up  four  tubes  of  similar  bore  as  follows  : 

1.  Twenty  ml.  of  saline-phenol  red  solution  covered  with  oil,  into 
which  1  ml.  of  plasma  is  run,  preferably  from  an  Ostwald  pipette  with 
marks  above  and  below  the  bulb. 

2.  Twenty  ml.  of  0-9  per  cent,  saline  under  oil  plus  1  ml.  of  ])lasma. 

3.  The  standard  tube. 

4.  Water. 

Arrange  the  four  tubes  in  a  comparator  as  shown  (Fig  62)  so  that 
1  and  4  are  compared  with  2  and  3.  Find 
which  pH  tube  gives  the  nearest  match. 

The  pH  is  thus  obtained  to  the  nearest  0-05 
or  even  to  the  nearest  0-025. 

Cullen  corrected  for  the  difference  in 
temperature  between  that  of  the  body  and 
that  at  which  the  test  is  carried  out. 

pH  at  38°  C.  =  pH  measured  by  colori¬ 
metric  method  —  (0-42  —  0-01  t)  where  t  = 
temperature  in  °  C.  of  the  test.  This  is 
reasonably  satisfactory  for  normal  human 
plasma  but  varies  with  some  pathological 
plasmas. 

The  plasma  must  be  separated  immedi- 


ljght 


Fig. 


EYE 

62.  Comparator. 


ately  from  blood  taken  under  oil  and  must  be  kept  constantly  under 
oih  Hawkins  modified  the  method  so  as  to  use  small  amounts  of 
whole  blood.  He  placed  5  ml.  of  the  saline-phenol  red  solution  under 
paraffin  in  a  test  tube  and  drew  the  blood  directly  into  a  1  ml.  pipette 
graduated  in  0-01  ml.  by  attaching  a  needle  with  a  short  rubber  to 
the  pipette.  After  detaching  the  needle  and  rubber  he  ran  0-25  ml 
under  oil  into  the  tube  containing  the  saline-phenol  red  solution  and 
mixed  by  stirring  carefully  with  a  clean  glass  rod.  The  same  amount 
of  blood  was  run  under  oil  into  a  tube  containing  5  ml.  of  0-9  per  cent 
saline  and  mixed.  The  two  tubes  were  centrifuged  and  compared  as 
above  using  two  further  tubes  containing  the  appropriate  phosphate 
standard  and  water  respectively.  I  -  P 
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INTERPRETATION 

The  normal  range  for  plasma  is  from  7-3  to  7-5.  The  pH 
remains  constant  within  these  limits  during  the  earlier  stages  of  an 
acidosis  or  an  alkalosis  because  of  the  operation  of  compensatory 
processes.  So  pH  may  still  be  within  normal  limits  when  the  alkali 
reserve  is  moderately  raised  or  lowered.  In  such  cases  its  only 
value  would  be  to  show  that  compensation  was  adequate  up  to  that 
point.  When  the  body  is  unable  to  compensate,  pH  becomes 
abnormal,  falling  below  7-3  in  acidosis  and  rising  above  7-5  in  alkalosis. 
The  extreme  range  in  disease  is  from  about  6-95  to  7*8. 


Determination  of  Urinary  Ammonia 

Formation  of  ammonia  by  the  kidneys  is  a  recognized  method  by 
which  the  body  removes  acids,  excreting  them  as  their  ammonium 
salts.  Two  methods  of  estimating  such  ammonium  salts  will  be 
described. 

1.  Aeration- titration.  The  apparatus  used  is  that  for  the  estima¬ 
tion  of  blood  urea  by  the  urease  aeration  method  (p.  106).  Measure 
5  ml.  of  urine  into  a  cylinder  and  connect  up  to  a  second  cylinder 
containing  50  ml.  of  N/lOO  sulphuric  acid.  Add  5  grams  of  potassium 
carbonate  and  5  nd.  of  saturated  potassium  carbonate  solution  to  the 
urine.  Aerate  slowly  at  first  and  then  more  quickly  for  about 
twenty  minutes.  Then  withdraw  25  ml.  of  the  acid  and  titrate  with 
N/lOO  sodium  hydroxide.  Titrate  25  ml.  of  the  acid  with  the  alkali. 
This  last  should  be  very  nearly  25  ml. 

Calculation.  If  T  is  the  titration  of  the  test,  that  of  the 
blank,  and  V  the  volume  of  urine  used,  then 

Grams  ammonia  per  litre  of  urine 

=  ~  V  X  0-34  (as  NH3)  or  ^ ^  ~  -  X  0-28  (as  N). 


So  with  5  ml.  urine 

Grams  ammonia  per  litre  of  urine 

=  (B  —  T)  X  0-068  as  NH3  or  X  0-056  as  N. 

2.  Nesslerization  after  Adsorption  with  Permutit.  Folin  and  Bell, 

1917. 


Reagents.  1.  Permutit. 

2.  Sodium  hydroxide,  10  per  cent,  solution. 

3.  Standard  ammonia  solution  containing  10  mg.  animoma 
per  100  ml.  Dissolve  0-388  gram  ammonium  sulphate  m  1  litre  oi 


solution. 

4.  Nessler’s  solution  (see  p.  104).  a  \  ^  nO  rd 

Technique.  Place  about  2  grams  of  permutit  and  about  5  .  oi 

distilled  water  into  a  200  ml.  volumetric  flask.  Then  add  .  ml.  of 
urine.  From  1  ml.  to  5  ml.  may  be  used  depending  on  ‘ 
of  ammonia  present,  but  it  is  better  not  o  use  more 

l"r  E  ‘.si’""  '."E'-E  sr;  xrias 
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washings  niav  be  needed  if  bile  is  present.  After  these  washings  add 
a  little  water  followed  by  5  ml.  of  the  10  per  cent,  sodium  hydroxide. 
Mix  and  then  fill  the  llask  thrce-quarters-fiill  with  water.  Shake 
and  add  10  ml.  of  Nessler’s  reagent.  Mix  and  allow  to  stand  or 
ten  minutes.  Then  make  to  the  mark,  mix  allow  to  settle  and 
compare  the  supernatant  fluid  with  a  standard  prepared  by  adding 
to  5  or  10  ml.  of  the  above  solution  of  ammonium  sulphate  in  a  -00  ml. 
volumetric  flask,  5  ml.  of  10  per  cent,  sodium  Inxlroxide,  water  to 
three-quarters  full,  10  ml.  of  Nessler’s  solution.  Then  make  to  the 


mark  with  water. 

Calculation.  If  V  =  volume  of  urine  used  and  m  =  mg.  ot 
ammonia  in  the  standard  solution,  then  if  the  photoelectric  colori¬ 
meter  is  used. 

Grams  of  ammonia  per  litre  urine 


Reading  of  unknown  ^  m 
~~  Reading  of  standard  .  V 

Notes.  1.  Care  has  to  be  taken  to  see  that  ammonia  is  neither 
lost  from  the  urine,  since  ammonia  may  escape  from  alkaline  urine, 
nor  formed  by  the  action  of  bacteria  on  substances  such  as  urea.  If 
the  urine  is  made  acid  by  addition  of  hydrochloric  acid  these  changes 
may  be  prevented  and  the  urine  kept  in  a  refrigerator.  But 
prolonged  storage  is  not  desirable.  The  estimation  is  best  done 
soon  after  collection  into  a  few^  ml.  of  acid  if  only  ammonia  is  to  be 
determined.  If  titrations  of  urinary  acidity  are  to  be  done  (see 
below)  this  cannot  be  used  and  the  urine  should  be  tested  shortly 
after  being  passed.  Otherwise  collect  into  a  clean  bottle,  add 
toluene,  and  place  in  a  refrigerator,  but  do  not  keep  more  than 
twenty-four  hours. 

2.  Folin  and  Bell  recommend  permutit  which  will  pass  through  a 
60-mesh  but  not  through  an  80  mesh  sieve.  Test  out  the  activity  on 
the  standard  ammonia  solution  used.  If,  after  shaking  with  water, 
the  solid  does  not  separate  out  leaving  a  clear  solution,  shake  and 
decant  this  turbid  solution  which  does  not  settle. 

The  permutit  can  be  used  over  and  over  again.  After  freeing  from 
ammonia  with  10  per  cent,  sodium  hydroxide,  wash  with  2  per  cent, 
acetic  acid,  decant,  wash  with  water,  decant,  and  dry  in  air  without 
heat.  The  solid  powder  so  obtained  contains  about*  20  per  cent,  of 
combined  water,  which  if  driven  off,  leaves  a  powder  with  its  activity 
greatly  reduced. 


INTERPRETATION 

The  normal  daily  output  of  ammonia  is  about  0-7  gram  on  an 
average  diet.  The  ammonia  nitrogen  forms  from  2-5  to  4-5  per  cent, 
of  the  total  urinary  non-protein  nitrogen.  This  percentage  is  termed 
the  ammoma  coefficient  It  varies  grcatlv.  There  is  an  increase 
when  acid-forimng  foods  arc  taken  and  a ‘decrease  with  alkali-pro¬ 
ducing  ones.  There  is  a  marked  increase  in  the  acidosis  of  diabetes 
when  U|,  to  tframs  h.hI  oyer  niay  l>e  excreted,  forniinu  as  imieli  as 
♦0  per  cent,  of  the  total  urinary  non-protein  nitrogen.  There  is  also 
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an  increase  in  the  acidosis  of  starvation.  Formation  of  ammonia  by 
the  kidneys  is  one  of  the  methods  by  which  the  body  removes  acids 
without  losing  base.  However,  this  does  not  operate  in  advanced 
renal  disease  so  that  there  is  not  the  same  increase  in  urinary  ammonia 
in  the  acidosis  then  present. 

Titratable  Acidity  of  Urine 

This  term  is  given  to  the  volume  of  N/10  sodium  hydroxide 
rc(piired  to  make  the  urine  alkaline  to  phenolphthalein  (Folin,  1903), 
or  to  titrate  it  to  pH  7-4,  which  is  the  pH  of  blood  (Henderson  and 
Palmer,  1914).  In  the  method  of  Folin  a  tw'enty-four-hour  specimen 
is  collected,  and  5  grams  of  pow^dered  potassium  oxalate  mixed  w  ith 
25  ml.  of  the  urine,  wdiich  is  then  titrated  with  N/IO  sodium  hydroxide, 
using  2  drops  of  1  per  cent,  phenolphthalein  as  indicator,  until  a 
permanent  pink  colour  is  reached. 

Titratable  acidity 

,  volume  of  tw^entv-four-hour  urine 

=  ml.  N/10  sodium  hydroxide  x  - ^ - 


Henderson  and  Palmer  titrated  10  ml.  of  urine  and  used  neutral 
red  as  indicator  (0-2  ml.  of  2  per  cent,  solution  in  water).  Phenol  red 
can  be  used,  for  example  that  used  in  the  titration  method  for  plasma 
pH.  Ten  ml.  of  a  phosphate  buffer  with  this  indicator  added  is 
employed  as  standard. 

The  chief  effect  of  the  titration  is  to  convert  dihydrogen  phos¬ 
phate  into  monohydrogen  phosphate.  Organic  acids  are  also 
titrated.  Thus  /5-hydroxy butyric  acid  in  diabetic  acidosis,  the  only 
one  likely  to  be  present  in  considerable  amount,  may  be  about  50 
per  cent.^  free  at  pH  5-0,  whereas  at  pH  7-4  it  is  wholly  present  as 
salts. 

By  the  Folin  method  the  titratable  acidity  is  200  to  500  ml.  N/10 
sodium  hydroxide  per  tw'enty-four  hours.  The  Henderson-Palmer 
method  naturally  gives  lower  figures,  the  range  being  150  to  400. 
Larger  volumes  are  required  in  acidosis,  smaller  ones  in  alkalosis. 
Values  up  to  1,500  are  found  in  severe  diabetic  acidosis. 

The  sum  of  the  titratable  acidity  and  the  ammonia  excretion  gives 
a  measure  of  the  extent  to  w  hich  the  body  is  able  to  conserve  base. 
Gamble  et  al.  (1923)  used  the  term  base  economy  for  this  less  the 

jdasma  bicarbonate. 


pH  of  Urine 

It  is  sometimes  useful  to  know  the  ;)H  of  tlie  urine  Hastings  ft 
td  tlU‘25)  used  a  method  similar  to  that  for  plasma,  adding  indieator 
o  the  iir  lie  and  eomparing  with  standards  For  ordinary  routine 
work  several  simple  methods  are  available  based  on  this  principle 
Thus  Hritish  Drug  Houses  have  sets  of  eapillator  standards  for  severs 
«H  ranges  Special  indicators  are  issued,  for  these  so  that  equal 
vLines  of  urine  and  indieator  measured  in  a  capillary  tube  are 
mixed  and  .•ompared  with  the  standards.  Suitable  sets  for  urine  are  . 


ACID-HASE  BALANCE 


36U 


Methyl  red 
Hrom  eresol  purple 
Brom  thymol  blue 
Phenol  red 


pH  4-4  to  6  0 
jyH  5-2  to  6-8 
pH  6-0  to  7-6 
joH  6*8  to  8-4 


In  addition  the  same  company  have  booklets  of  indicator  papers 
suitable  for  this  purpose,  those  covering  the  range  for  urine  pH  being 
from  pH  4  0  to  5-5  ;  5-5  to  7*0  ;  and  7-0  to  8*5. 

Nitrazine  indicator  papers  are  also  suitable  for  use  with  urines. 


REFERENCES 

Roothby,  W.  M.,  and  Peabody,  F.  W.  (1914),  Arch.  hit.  Med.,  13,  497. 

Cullen,  G.  E.  (1922),  J.  hiol.  Chem.,  52,  501. 

Folin,  O.  (1903),  Amer.  J.  Physiol.,  9,  25. 

Folin,  O.,  and  Bell,  R.  D.  (1917),  J.  hiol.  Chem.,  29,  329. 

Gamble,  J.  L.,  Ross,  G.  S.,  and  Tisdall,  F,  F.  (1923),  J.  hiol.  Chem.,  57,  033. 
Haldane,  J.  S.,  and  Priestley,  J.  G.  (1904^05),  J.  Physiol.,  32,  225. 

Hastings,  A.  B.,  Sendroy,  J.,  Jr.,  and  Robson,  W.  (1925),  J.  hiol.  Chem.,  65,  381. 
Hawkins,  J.  A.  (1923), ./.  hiol.  Chem.,  57,  493. 

Henderson,  Y.,  and  Morriss,  W.  H.  (1917),  J.  hiol.  Chem.,  31,  217. 

Henderson,  L.  J.,  and  Palmer,  W.  W.  (1914),  J.  hiol.  Chem.,  17,  305. 

Latner,  A.  L.,  and  Barnard,  E.  D.  (1950),  Quart.  J.  Med.,  19,  285. 

Lehmann,  H.  (1951),  Lancet,  1,  718. 

Milne,  M.  D.,  Stanbur>%  S.  W.,  and  Thomson,  A.  E.  (1952),  Quart.  J.  Med.,  21  72 
Poulton,  E.  P.  (1915),  Brit.  med.  J.,  2,  392. 

Van  Slyke,  D.  D.  (1922),  J.  hiol.  Chem.,  52,  495. 

Van  Slyke,  D.  I).,  and  Cullen,  G.  E.  (1917),  J.  hiol.  Chem.,  30,  290. 

\^ootten,  I.  D.  P.,  and  King,  E.  J.  (1949),  Biochem.  J.,  44,  xii. 


B  B 


P.C.H. 


CHAPTER  XX 


BASAL  METABOLISM.  OXYGEN  CAPACITY 

By  basal  metabolism  we  understand  the  amount  of  energy  required 
just  to  maintain  the  body  processes  when  a  person  is  at  complete 
physical  and  mental  rest  and  is  some  twelve  to  fourteen  hours  from 
the  time  when  food  was  last  taken.  Such  standard  or  basal  condi¬ 
tions  afford  a  sufliciently  reproducible  and  reliable  means  of  compar¬ 
ing  metabolism  in  health  and  disease.  They  do  not,  however, 
correspond  to  the  smallest  energy  needs  of  the  body,  since  m  sleep, 
energy  requirements  may  sometimes  fall  below  those  of  the  basal 
metabolism  as  measured  under  the  above  conditions. 

As  with  other  energv  requirements,  basal  metabolism  is  expressed 
in  terms  of  calories.  These  are  the  calories  used  in  nutrition  and 
are  the  large  calories  of  physics,  one  such  calorie  being  the  energy 
required  to  raise  the  temperature  of  1  kilograrn  of  water  1  C  Basal 
metabolism,  however,  may  also  be  expressed  directly  m  terms  of  the 
oxygen  consumption  under  the  same  conditions. 

Factors  influencing  Basal  Metabolism 

Basal  metabolism  in  normal  persons  varies  with  size  and  with 

changes  in  surface  area  than  to  Surface  area 

proportional  to  weight,  so  that  a  person  such  as 

diminishes  less  rapidly  than  does  w  g 

a  child  with  ha  f  the  °f  «n  ^ 

surface  area  of  that  adult  So  ^  per  unit 

for  children,  and  for  sma  |  •  ^  thpir  surface  area  per  unit 

weight  than  those  ’  some  variations  in  surface  area 

weight  IS  greater,  ^^lere  are  a  .  ,  .  •  g  ^all,  thin  persons 

among  people  Pouter  individuals  of 

have  greater  surface  area  tl  a  ^  metabolism  of  the  former 

the  same  weight.  As  a  resmt 

will  tend  to  be  higher  P"  ^  '  metabolism  varies  with  the  intensity 
In  the  second  place,  the  basal  n  ^  example,  is  a 

at  which  the  body  'their  basal  metabolism  per 

little  greater  in  men  than  ^  f  Then,  again,  the  rate 

unit  surface  area  is  gr^^y  about  ^  p  than  in 

of  metabolism  is  it  may  be  greater  by  as  much  as 

Sifter  «nt“plru&ce  area.^^Tfe^^^^^^^ 

rh;itr“p?unneSh‘t  'conrfd^bly  higher  than  that  of  adults. 
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Finally,  it  should  be  noted  that  in  older  people  the  rate  of  metabolism 
falls  when  compared  with  that  found  in  adults  betw'een  twenty  and 
forty  years  old,  so  that  it  may  be  as  much  as  20  per  cent,  lower  by 
the  time  the  seventies  are  reached. 

These  differences  are  reflected  in  the  figures  given  in  the  tables. 
Table  XX  gives  the  basal  metabolism  in  calories  per  square  metre 
of  surface  area  per  hour  for  different  ages,  the  ages  being  taken  to  the 
nearest  whole  year.  These  are  the  Aub-DuBois  standards  as  modi¬ 
fied  by  Boothby  and  Sandiford  (1929)  which  have  been  most  widely 
used. 

Table  XX 

Standards  for  Basal  Metabolism  (Boothby  and  Sandiford) 

In  calories  per  square  metre  per  hour 


Age 

Males 

Females 

Age 

Males 

Females 

5 

(53-0) 

(51-6) 

20-24 

410 

36-9 

6 

52-7 

50-7 

25-29 

40-3 

36-6 

7 

520 

49-3 

8 

51-2 

48-1 

30-34 

39-8 

36-2 

9 

50-4 

46-9 

35-39 

39*2 

35-8 

10 

49-5 

45-8 

40-44 

38-3 

35-3 

11 

48-6 

44*6 

45-49 

37-8 

350 

12 

47-8 

43-4 

13 

471 

420 

50-54 

37-2 

34-5 

14 

46-2 

410 

55-59 

36-6 

34*1 

15 

45-3 

39-6 

60-64 

360 

33-8 

16 

44*7 

38-5 

65-69 

35-3 

33-4 

17 

43-7 

37-4 

18 

19 

42-9 

42-1 

37-3 

37-2 

70-74 

75-79 

(34-8) 

(34-2) 

(32-8) 

(32-3) 

Boothby  et  al.,  (1936)  have  published  further  figures  for  the  basal 
metabolism  of  normal  individuals  which  do  not,  however  differ 
materially  from  those  given  above.  ’ 

Recently  Robertson  and  Reid  (1952)  have  nublished  n 
standards  the  result  of  twenty  years’  work  on'^.JmXersofs  °n 
tlie  London  area.  These  are  mven  in  TqKIo  ^  i  s  in 

that  whieas  flXltsor^  H  ■  I  ^ct 

quentlv  fn  i  •  method  outlined  subse- 

made  for  the  individual  unless  at  the  time  /!i  determination 
calculation  it  was  noted  as  unsa^^is^ll^tlTfot 
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Table  XXI 

Standards  for  Basal  Metabolism  (Robertson  and  Reid) 

Expected  Mean  Heat  Output  and  Limits  of  Variation  (Calories  per 
square  metre  body-surface  per  hour) 


Age  last  birth¬ 
day  (year) 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


Males 

Females 

Exjiected 

mean 

Lower 

limit 

Upper 

limit 

Expected 

mean 

Lower 

limit 

Upper 

limit 

60-1 

51-5 

68-8 

54*5 

46*4 

62-6 

57-9 

49-2 

66-5 

53-9 

45-8 

62-1 

56-3 

47*7 

65-0 

530 

44*9 

61-1 

54-2 

45-6 

62-8 

51-8 

43-6 

59-9 

521 

43-4 

60-7 

50-2 

421 

58-3 

501 

41-4 

58-7 

48-4 

40-2 

56-5 

48'2 

39-6 

56-7 

46*4 

38-2 

54-5 

46*6 

38-6 

54-5 

44-3 

36-3 

52-5 

451 

37-7 

52-2 

42-4 

351 

50-6 

43-8 

36-8 

50-4 

40-6 

340 

47*7 

42*7 

360 

49*3 

39-1 

33-2 

45-1 

41-8  . 

35*2 

48*4 

37-8 

32-6 

42-7 

410 

34-4 

47-6 

36-8 

32-2 

41-7 

40-3 

33-7 

46-9 

360 

31-3 

40-8 

39-7 

331 

46-3 

35-3 

30-7 

40-2 

39*2 

32-9 

45-6 

34-9 

301 

39-7 

38-8 

32-7 

450 

34-5 

29-7 

39-3 

38-4 

32-6 

44*3 

34-3 

29*5 

39-1 

38-1 

32-5 

43-7 

341 

29-3 

38-9 

37-8 

32-4 

431 

340 

29-2 

38-8 

37*6 

32-3 

42-6 

340 

29-1 

38*8 

37-3 

32-2 

42-3 

33-9 

29-1 

38-8 

371 

321 

421 

340 

29  1 

38-8 

370 

320 

420 

34-0 

29-2 

38-8 

36*8 

31-8 

41*8 

340 

29*2 

38-8 

36-6 

31-6 

41-6 

340 

29-2 

38-9 

36*5 

31-5 

41-5 

341 

29-2 

38-9 

36-4 

31-4 

41-4 

341 

29-2 

38-9 

36-3 

31-3 

41-3 

34-0 

29-2 

38-8 

36-2 

31*2 

41-2 

33-9 

29-1 

38-8 

361 

311 

41-1 

33-8 

29-0 

38*7 

360 

310 

41  0 

33-7 

28-9 

38-5 

35-9 

30-9 

40-9 

33-5 

28-7 

38-3 

35*8 

30-8 

40-8 

33-3 

28-5 

38-2 

35-7 

35-7 

35-6 

35-5 

1 

30-7 

30-7 

30-6 

30-5 

40-7 

40-7 

40*6 

40-5 

331 

32-9 

32-8 

32*6 

28-3 

280 

280 

27-8 

380 

37-7 

37-6 

37-5 
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Table  XXI — continued 


Age  last  birth¬ 
day  (year) 

Males 

Females 

Expected 

mean 

Lower 

limit 

Upper 

limit 

Expected 

mean 

Lower 

limit 

Upper 

limit 

41-44 

34-5 

29-5 

39-5 

32-5 

27-7 

37-4 

45-49 

341 

29*1 

39-1 

32-2 

27-4 

37*1 

50-54 

33-8 

28-8 

38-8 

31-9 

27*1 

36-7 

55-59 

33-4 

28-4 

38-4 

31-6 

26-8 

36-4 

60-64 

331 

28*1 

38-1 

31-3 

26-5 

361 

65-69 

32-7 

27-7 

37-7 

310 

26-2 

35-8 

70-74 

32-4 

27-4 

37-4 

30-7 

25-9 

35-5 

75  or  more 

320 

27-0 

370 

" 

— 

observable  nervous  tension,  or  an  elevated  temperature.”  The 
element  of  training  was  thus  deliberately  excluded.  However,  as 
Robertson  points  out,  if  successive  determinations  are  to  be  made, 
this  is  not  possible,  and  also,  so-called  nervous  tension  is  not  uncom¬ 
mon  when  the  test  is  first  done,  and  is  specially  likely  to  occur  in 
thyrotoxicosis,  so  that  initial  readings  may  be  10  to  20  per  cent, 
and  more^  higher  than  those  finally  obtained.  It  appears  that 
Robertson  s  technique  is  to  be  preferred  and  his  standards  used. 
The  question  of  standards  is  also  discussed  by  Dubois  (1936),  and 

Slyke  (1932,  1946).  The  basal  metabolism  of 
children  and  adolescents  has  been  specially  studied  by  a  number  of 
workers  (see,  for  example,  Talbot,  1925,  Lewis  et  al,  1937,  for  children, 
and  Shock,  1942,  for  a  study  of  adolescents).  There  is  general  agreement 

„  ^  Table  XXII 

iitandards  for  Basal  Metabolism  in  Childhood  and  Adolescence  (Lewis 

et  al.,  and  Shock) 


(In  calories  per  square  metre  per  hour) 


Age 

Males 

(Lewis 

1  Females 

et  al.) 

Age 

Males  1  Females 

(Shock) 

2 

54-3 

52-6 

11-5 

43-6 

41-7 

3 

531 

51-2 

120 

450 

41-0 

4 

51*9 

49-8 

12-5 

40-4 

5 

50*7 

48-5 

130 

44*1 

39-9 

o 

49‘5 

47-1 

13-5 

43-2 

38-8 

1 

8 

9 

10 

11 

47'1 

45-9 

44-7 

43-5 

42-5 

45*7 

44-3 

430 

41-6 

40-2 

140 

14- 5 

150 

15- 5 

16- 0 

43-5 

41- 4 

42- 8 

41*4 

411 

38-0 

36-5 

35-7 

34-4 

34-2 

• 

16-5 

41  0 

34*6 
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that  just  after  birth  the  basal  metabolism  is  low  and  that  it  rises 
during  the  first  year  or  two  of  life  to  reach  a  peak,  after  which  it  slowly 
declines.  The  age  at  which  the  maximum  occurs  has  been  rather 
variously  placed  about  two  to  three  years,  but  from  the  work  of 
Lewis  et  al.,  it  appears  to  occur  before  two  years  of  age.  Some 
workers  have  held  that  there  is  a  rise  in  basal  metabolism  during 
puberty. 

The  standards  for  basal  metabolism  during  childhood  and  adole¬ 
scence  given  by  Lewis  et  al.,  and  Shock  and  shown  in  Table  XXII, 
are  appreciably  lower  than  those  of  Boothby  and  Sandiford  and  in 
some  cases  even  a  little  lower  than  those  of  Robertson  and  Reid. 


Measurement  of  Basal  Metabolism 
Both  direct  and  indirect  calorimetry  can  be  used  for  measuring 

basal  metabolism.  j  4.- 

Direct  Calorimetry.  In  this  we  measure  the  actual  heat  production 
using  a  respiration  chamber,  of  which  only  a  few  exist.  Because  of 
the  elaborate  apparatus  required,  this  method  is  not  used  m  routine 
work.  Details  are  given  in  larger  works  on  metabolism  and  nutrition. 

Indirect  Calorimetry.  In  this  we  measure  the  volume  of  oxygen 
consumed,  or  of  the  oxygen  consumed  and  the  carbon  dioxK^ 
produced,  over  an  accurately  timed  period  of  a  few  minutes.  Irom 

these  the  energy  utilized  can  be  calculated.  ...uu 

The  volume  of  oxygen  used  by  the  body  varies  to  some  extent  with 
the  type  of  food  metabolized.  Thus,  when  carbohydrate  is  bei  g 
used,^Sie  consumption  of  1  litre  of  oxygen  represents  the  Production 
of  5-05  calories.  For  fat  and  proteins  the  corresponding  figures  are 
4-69  and  4*49  respectively.  On  an  average  mixed  diet  the  con- 
nf  1  litre  of  oxvijen  represents  the  production  of  4‘80 
3es  if  we  “the  Sre  o"f  the  diet  an3  use  this  figure  to 
iaiSe  the  eaJie  production  from  the  volume  of 
ner  minute  the  maximum  error  introduced  will  be  either  p 

Lnt  nr  4-  6  oer  cent.  In  most  cases  it  will  be  much  smaller.  Instead 
of  converting  the  ml.  of  oxygen  consumed  per  minute  into  calories, 

f  hlpc  pan  be  drawn  up  giving  the  normal  oxygen  consumption  fo 
tables  can  ^  observed  oxvsen  consumption 

fn“tieular'case"is  compared  with  this  uo™al  and  the  result  then 
patient  breathes  in  air  or  oxypn  absorb  the  carbon 

ks  s'iT’S  -  .- 

ns — ijf  ■"  s  r 

Fodueed  kre  measured,  and  the 

respiratory  quotient  calculated. 

Respiratory  ^uotoh 

■"  Volume  of  oxygen  consumed 
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in  E  giv6n  period.  This  differs  for  the  different  nutrients.  Thus, 
when  carbohydrates  are  metabolized,  the  process  may  be  represented 

CfiHiaOe  +  eOg  6  COg  +  6  H2O 

so  that  the  respiratory  quotient  is  exactly  1-00. 

Fats  contain  a  much  greater  proportion  of  hydrogen  to  oxygen 
than  do  earbohydrates,  and  so  produce  more  water.  Taking  tripal- 
mitin  as  example,  we  have 

2  CsiHggOg  +  145  O2  102  CO2  +  98  H2O 

giving  a  respiratory  quotient  of  0-7.  This  varies  a  little  for  different 
fats.  For  the  mixture  present  in  the  human  diet  it  is  taken  as  0*707. 

The  case  of  proteins  is  more  complicated  since  they  are  not  com¬ 
pletely  metabolized  in  the  body.  Most  of  the  nitrogen,  for  example, 
is  excreted  as  urea  in  the  urine.  However,  it  is  found  that  the 
respiratory  quotient  averages  0*80. 

On  an  ordinary  mixed  diet  the  respiratory  quotient  is  about  0*85. 
When  the  body  is  in  the  post-absorptive  state  it  is  about  0*82.  It  is 
clear  that  the  respiratory  quotient  gives  some  indication  of  the  type 
of  food  being  eonsumed.  When  carbohydrate  only  is  metabolized, 
the  quotient  is  1*00  and  the  calorie  equivalent  of  a  litre  of  oxygen  is 
5*05.  If  only  fat  is  being  metabolized  the  R.Q.  is  0*707  and  the 
calorie  equivalent  of  a  litre  of  oxygen  is  4*69.  It  is  thus  possible  to 
draw  up  a  table  giving  the  calorie  equivalent  for  the  range  of  respira¬ 
tory  quotients  from  0*70  to  1*00  for  all  mixtures  of  fat  and  carbo¬ 
hydrate.  This  respiratory  quotient  is  termed  the  non-protein  R  Q 
Such  a  table  is  given.  Table  XXIII. 


Table  XXIII 

Respiratory  Quotients  for  Different  Mixtures  of  Fat  and  Carbohydrate 

(Lusk,  1924) 


R.Q. 

Calories 
per  litre  0, 

Per  cent. 

consu 

Carbo¬ 

hydrate 

otal  oxygen 
;ned  by 

Fat 

R.Q. 

Calories 
periitre  Oj 

Per  cent,  to 
consun 
Carbo¬ 
hydrate 

tal  oxygen 
ed  by 

Fat 

0-707 

0-71 

0-72 

0-73 

0-74 

0-75 

0-76 

0-77 

0-78 

0-79 

0-80 

0-81 

0-82 

0-83 

0-84 

0-85 

4-686 

4-69 

4-70 

4-7] 

4-73 

4-74 

4-75 

4-76 

4-78 

4-79 

4-80 

4-81 

4-83 

4-84 

4-85 

4-86 

0 

1-02 

4-44 

7-85 

11-3 

14-7 

18-1 

21  5 
24-9 
28-3 
31-7 
35-2 
38-6 
42-0 
45-4 
48-8 

100 

99-0 

95-6 

92-2 

88-7 

85-3 

81-9 

78-5 

75-1 

71-7 

68-3 

64-8 

61-4 

58-0 

54-6 

51-2 

0-86 

0-87 

0-88 

0-89 

0  90 
0-91 
0-92 
0-93 
0-94 
0-95 
0-96 
0-97 
0-98 
0-99 

1  00 

4-88 

4-89 

4-90 

4-91 

4-92 

4-94 

4-95 

4-96 

4-97 

4- 99 

5- 00 
5-01 
5-02 
5-04 
5-05 

52-2 

55-6 

59  0 
62-5 
65-9 
69-3 
72-7 
76-1 
79-5 
82-9 
86-3 
89-8 

93  2 
96-6 

100  0 

47-8 

44-4 

41-0 

37-5 

34-1 

30-7 

27-3 

23-9 

20-5 

17-1 

13-7 

10-2 

6-8 

3-4 

0 

The  non-protein  H.Q.  canbe  determined  by  measuring  the  oxygen 
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consumption,  the  carbon  dioxide  production,  and  the  nitrogen 
excretion  over  a  measured  time.  From  the  nitrogen  excretion  the 
amount  of  protein  being  metabolized  is  calculated 

grams  protein  metabolized  =  grams  urinary  nitrogen  X  6-25. 
Metabolism  of  a  gram  of  urinary  nitrogen  consumes  5-94  litres  of 
oxygen  and  produces  4*76  litres  of  carbon  dioxide.  We  can  thus 
find  the  volume  of  oxygen  consumed  and  the  volume  of  carbon 
dioxide  produced  as  a  result  of  the  protein  metabolized.  By  sub¬ 
tracting  these  from  the  volumes  found  experimentally  we  can  obtain 
the  oxygen  consumed  and  carbon  dioxide  produced  by  the  meta¬ 
bolism  of  fat  and  carbohydrate.  This  gives  us  the  non-protein 
respiratory  quotient  and  from  the  table  the  calorie  equivalent  of  the 
oxygen  consumed  in  their  metabolism.  The  calorie  equivalent  of 
the  oxygen  consumed  in  metabolizing  protein  is  4-485.  The  total 
energy  utilization  can  then  be  calculated  with  as  high  a  degree  of 
accuracy  as  the  collection  of  the  expired  air  permits. 

The  amount  of  protein  ordinarily  metabolized  is  small  compared 
with  that  of  fat  and  carbohydrate.  Only  10  to  12  per  cent,  of 
calories  are  derived  from  protein  when  ordinary  mixed  diets  are 
being  taken.  In  most  determinations  the  effect  of  protein  is  ignored. 
The  error  thus  introduced  is  small.  The  respiratory  quotient  is 
calculated  from  the  carbon  dioxide  expired  and  the  oxygen  con¬ 
sumed.  The  calorie  equivalent  of  a  litre  of  oxygen  is  obtained  from 
Table  XXIII  using  this  respiratory  quotient  as  though  it  were  the 
non-protein  R.Q.  The  calories  per  square  metre  per  hour  can  then 
be  calculated  and  compared  with  the  normal,  and  the  percentage 

increase  or  decrease  calculated.  ,  . 

This  method  of  calculating  the  results  can  be  used  m  the  open 
circuit  methods.  In  this  the  expired  air  is  collected  m  a  bag,  and 
analysed  for  carbon  dioxide  and  oxygen  eontent  m  a  gas  analysis 

apparatus. 

Open  Circuit  Methods 

In  the  method  most  commonly  used,  the  patient  ^r^^thes  m 
ordinary  atmospheric  air  and  breathes  out  into  a  Douglas  bag.  , 

shown  m  Fig.  63,  is  a  rubber-lined  bag  which  can  hold  up  to  a 


To  MOUrH 

PltCg 


litres  of  air.  The  bag,  A  has  a  short  tube,  Ihe'patient' to 

breatL'''‘AThe'r  dbecti;  inL'^he  big  o’r  cot  into  the  atmosphere. 


The  other  side  of  the  tap  is  fitted  with  a  length  of  flexible  nibber 
tubing,  D,  about  1  inch  in  diameter  which  connects  the  bag  with  the 
device  (Fig.  64)  which  carries  the  mouthpiece  E  which  fits  into  the 
patient’s  mouth.  This,  shaped  as  shown,  contains  two  valves,  P 
and  G,  which  consist  of  a  flat  rubber  disc,  a,  and  a  perforated  metal 
plate,  b,  arranged  as  shown.  When  the  patient  breathes  in,  air  can 
enter  through  F  but  G  closes  since  its  rubber  disc  is  drawn  flat 
against  the  metal  plate.  On  expiration  the  reverse  takes  place,  for 
F  closes  and  the  expired  air  passes  along  the  rubber  tube  into  the  bag 
or  out  into  the  atmosphere  according  to  the  way  tap  C  is  turned. 
Finally,  it  should  be  noted  that  the  tube  B  between  the  tap  and  the 
bag  is  fitted  with  a  narrow  side  tube,  S,  closed  with  a  clip,  through 
which  a  small  amount  of  gas  can  be  taken  for  analysis. 

In  carrying  out  the  test,  the  patient,  properly  prepared,  see  p.  384, 
fits  the  mouthpiece  and  puts  on  a  nose  clip  to  stop  any  breathing 


t  iG.  (> 4.  \'alves  aiul  Moiithj)ieces  for  use  with  Doufjlas  Ba^. 

through  the  nose.  Tap  C  is  turned  so  that  the  expired  air  passes 
into  the  atmosphere.  The  Douglas  bag  should  have  been  completely 
emptied.  As  soon  as  possible  after  the  patient  has  fitted  the  nose 
clip,  tap  C  is  turned  to  allow  the  expired  air  to  pass  into  the  bag 
and  a  stop^  Match  is  started  as  this  is  done.  After  an  accurately 
measured  time,  usually  between  five  and  ten  minutes,  tap  C  is  again 
turned  so  that  the  patient  breathes  into  the  atmosphere,  and  the 
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is  connected  at  its  lower  end  with  a  thiek  rubber  tube  to  the  mereury 
reservoir  M.  The  three-way  taps  C  and  G  make  it  possible  to  eonnect 
B,  first  with  a  10  per  cent,  sodium  hydroxide  solution  in  H,  then 
with  an  alkaline  pyrogallol  solution  (dissolve  10  grams  of  pyrogallol 
in  200  ml.  of  potassium  hydroxide  solution  prepared  by  dissolving 
160  grams  in  130  ml.  of  water)  in  J.  The  former  absorbs  earbon 
dioxide,  the  latter  oxygen.  In  N  a  sodium  hydroxide  solution  is 
plaeed  to  seal  off  the  rest  of  the  apparatus  from  the  atmosphere. 
The  mercury  reservoir,  M,  ean  be  hooked  at  any  eonvenient  height  in 
slots  as  shown.  The  apparatus  is  fastened  to  a  vertical  wooden  board 


I'lG.  05.  Haldane  Gas  Analysis  Apparatus. 

supported  in  a  wooden  trough,  which  catches  small  amounts  of 
Tli#»  wlmle  annaratus  is  compact  and  portable. 

"’Th"^ipcttc  is  almost 

trif  “ad  w.th  the  two  fJ'SS: 

^p^^^lnoi:'  ^L‘o%g;n‘rthe.rahsorhed  in  the  same  way  so  that 
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the  further  fall  in  volume  gives  the  amount  of  oxygen  ppsent.  It 
is  then  possible  to  calculate  the  percentage  of  carbon  dioxide  and 
oxygen  in  the  expired  air.  The  total  volume  ol  this  expired 
measured  by  connecting  the  bag  to  a  gas  meter  and  forcing  all  the 
air  through. 

Example  of  Calculation.  The  data  obtained  are  assumed  to  be 


Time  of  collection  of  expired  air 
Volume  of  expired  air  . 
Barometric  pressure 
Temperature 

Expired  air  :  Carbon  dioxide 
Oxygen 

(By  difference)  Nitrogen 


10  minutes. 

75  litres. 

750  mm.  Hg. 
16°  C. 

3-6  per  cent. 
16-75  per  cent. 
79-65  per  cent. 


Atmospheric  air  as  breathed  is  taken  to  be  :  Carbon  dioxide  0-04 
per  cent.  ;  Oxygen  20-93  per  cent.  ;  Nitrogen  79-03  per  cent. 

The  percentage  of  oxygen  absorbed  cannot  be  calculated  by 
subtracting  20-93  —  16-75.  The  fact  that  there  is  more  nitrogen 


Table  XXIV 

Correction  of  Oxygen  Volumes 

Volume  of  Oxygen  in  Inspired  Air  corresponding  to  100  ml.  of 
Expired  Air  with  different  Percentages  of  Nitrogen 


Per  cent, 
nitrogen  in 
expired  air 

Oxygen  in 
inspired  air 

Per  cent, 
nitrogen  in 
expired  air 

Oxygen  in 
inspired  air 

Per  cent, 
nitrogen  in 
expired  air 

Oxygen  in 
inspired  air 

78-5 

20-80 

79-2 

20-99 

79-9 

21-17 

78-6 

20-83 

79-3 

21-01 

80-0 

21-20 

78-7 

20-85 

79-4 

21-04 

80-1 

21-22 

78-8 

20-88 

79-5 

21-07 

80-2 

21-25 

78-9 

20-91 

79-6 

21-09 

80-3 

21-28 

79-0 

20-93 

79-7 

21-12 

80-4 

21-30 

79-1 

20-96 

79-8 

21-14 

80-5 

21-33 

in  the  expired  air  than  in  atmospheric  air  shows  that  the  volume  of 
air  breathed  m  must  have  been  greater  than  that  of  the  air  breathed 
out  1  his  IS  because  part  of  the  oxygen  consumed  was  used  to  form 
water.  Ihe  necessary  correction  can  be  made  by  multiplying  the 
per  cent,  nitrogen  m  the  expired  air  by  20-93/79-03,  that  is  by  0-265 
This  gives  the  volume  of  oxygen  per  100  volumes  of  expired  air.  In 
e  present  case  this  is  79-65  x  0-265,  which  is  21-10,  so  the  volume 

pL°cent "  Tahle\-‘\TV ‘’y  ~  =  •‘•8®  volinies 

L  thp^r  ^  ^  corrected  oxygen  volumes 

tor  the  range  of  nitrogen  percentages  met 

„o“  "^^ary  to  correct.the  volume  of  gas  to  760  mm.  Hg  and 
«  C.  Ihe  pressure  of  water  vapour  has  to  be  subtracted  from  the 
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Table  XXV 

Water  Vapour  Pressure,  mm.  Hg. 


“C. 

mm.  Hg. 

“C. 

mm.  Hg. 

°c. 

mm.  Hg. 

8 

8-0 

14 

11-9 

20 

17-4 

9 

8-6 

15 

12-7 

21 

18-5 

10 

9-2 

16 

13-5 

22 

19-7 

11 

9-8 

17 

14-4 

23 

20-9 

12 

10-5 

18 

15-4 

24 

22-2 

13 

11-2 

19 

16-3 

25 

23-5 

barometric  pressure.  At  16°  C.  this  is  13*5  mm.  Hg.  (Table  XX\ ). 
Volume  of  expired  air  corrected  to  0°  C.,  760  mm.  Hg.,  is 


75  X 


750  —  13-5 
7^0 


X 


273 

273  +  16 


=  68-7  litres. 


The  oxygen  consumption  thus 

4-85  1  ,  .  , 

=  68,700  X  ^  X  ~  ml.  per  minute. 

=  299  ml.  per  minute. 

The  patient  was  a  male  aged  26,  weighing  11  stone  and  5  feet 
9  inches  in  height  ;  that  is  154  lb.  or  70  kilograms  and  69  inches 
or  175  cm.  Surface  area  is  found  to  be  1-85  square  metres  (Table 

XXVI). 


Respiratory  quotient 


3-56 

4^ 


=  0-82. 


Ignoring  proteins,  at  this  R.Q.  4-82  calories  correspond  to  each 

litre  of  oxygen.  Hence  . 

Basal  metabolism  in  calories  per  square  metre  surface  area  per  hou 

4*82  X  litres  oxygen  consumed  per  hour 

~  patient’s  surface  area 

4-82  X  17-94  _ 

~  1-84 

Normal  value  for  this  patient  =  87  0  (Robertson  ami  Reid). 

Basal  metabolism  is  thus  increased  by  ^  X  100  =  27  per  cent 


Closed  Circuit  Methods 

The  various  forms  of  apparatus  which  are  used  for  this  method 

are  all  based  on  the  original  Benedict-Roth  of  oxygen 

matically  in  Fig.  66.  The  paRen  breathes  a 
contained  m  the  reservoir  A.  As  the  patienr 

TtS/RViea  aTr  is  returned  along,  the  other  tube  and  passes 
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HEIGHT  IN  INCHES 
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These  figures  are  calculated  from  Dubois’  formula  :  Surface  area  in  square  metres 
=  Height  in  em.o-^^s  ^  Weight  in  kg.»  «25  x  71-84  10,000. 

Values  for  heights  and  weights  intermediate  between  those  given  can  easily  be  assessed. 
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through  soda  lime  to  absorb  the  carbon  dioxide  before  returning  to 
the  reservoir.  The  amount  of  oxygen  in  the  reservoir  thus  falls 
steadily  during  the  course  of  the  experiment.  The  upper  end  of  the 
reservoir  is  connected  over  a  pulley  with  a  weight  W  to  which  is 
attached  a  pen.  This  records  the  movements  of  the  reservoir  on  a 
slowly  rotating  drum,  D,  on  which  a  suitably  calibrated  paper  is 
wrapped.  The  drum  is  timed  to  rotate  so  that  the  length  of  time  of 
the  experiment  and  the  change  in  the  volume  of  gas  in  the  reservoir 
are  recorded  on  the  paper.  Each  movement  of  the  pen  up  and  down 
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Fig.  60.  Closed  Circuit  Apparatus  for  Basal  Metabolism. 

corresponds  to  a  complete  respiration,  so  that  a  line  drawn  along  the 
crests  or  the  troughs  can  be  used  to  read  the  oxygen  consumption 
If  such  a  line  is  to  be  drawn  with  sulhcient  accuracy,  the  size 
natkn ’s  respirations  must  be  fairly  uniform.  In  most  case  ‘t 
nSe  to  get  the  patient  to  breathe  regularly  enough.  When  tins 
is  not  possible,  an  open  eircuit  method  has  to  be  used.  j  f 

^  per  »<iuare  metre 
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Fig.  07.  Chart  from  Closed  Circuit  Apparatus. 


Table  XXVII 

Factors  for  Converting  the  Volume  of  Gas  to  0°  C.,  760  m7n.  Hg. 


Pressure 

inm.Hg. 


720 

725 

730 

735 

740 

745 

750 

755 

760 

765 

770 


Temperature 


8“ 


0-920 

0-927 

0-933 

0-940 

0-946 

0-952 

0-959 

0-965 

0-972 

0-978 

0-984 


10° 


0-914 

0-920 

0-927 

0-933 

0-939 

0-946 

0-952 

0-958 

0-965 

0-971 

0-977 


12° 


0-908 

0-914 

0-920 

0-926 

0-933 

0-939 

0-945 

0-952 

0-958 

0-964 

0-970 


14° 


0-901 

0-907 

0-914 

0-920 

0-926 

0-933 

0-939 

0-945 

0-951 

0-958 

0-964 


16° 


0-895 

0-901 

0-907 

0-914 

0-920 

0-926 

0-932 

0-939 

0-945 

0-951 

0-957 


18° 


0-889 

0-895 

0-901 

0-907 

0-914 

0-920 

0-926 

0-932 

0-938 

0-944 

0-951 


20° 


0-883 

0-889 

0-895 

0-901 

0-907 

0-913 

0-919 

0-926 

0-932 

0-938 

0-944 


22° 


0-877 

0-883 

0-889 

0-895 

0-901 

0-907 

0-913 

0-919 

0-925 

0-931 

0-938 


24° 


0-871 

0-877 

0-883 

0-889 

0-895 

0-901 

0-907 

0-913 

0-919 

0-925 

0-931 


26° 


0-865 

0-871 

0-877 

0-883 

0-889 

0-895 

0-901 

0-907 

0-913 

0-919 

0-925 


Figor.,  to,  Ltedteto  values  o,  tempmture  and  pressure  can  easily 
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Tins  method  is  so  much  simpler  and  less  time  consuming  than  the 
open  circuit  method  using  the  Douglas  bag,  that  it  has  come  to  be 
used  almost  exclusively  for  routine  determinations  in  hospitals. 

Apparatus  of  this  type  is  made  by  Messrs.  Kendrick,  Woodford 
Cireen,  Essex,  and  by  Messrs.  Palmer  (London)  Ltd.,  63a  Effra  Road, 
Rrixton,  London,  S.W.2. 


Preparation  of  the  Patient.  Tests  on  Out-patients 

Careful  preparation  of  the  patient  is  most  important  if  reliable 
results  are  to  be  obtained.  The  patient  must  be  in  a  state  of 
complete  rest,  both  physical  and  mental.  Since  food  influences  the 
rate  of  metabolism,  sufficient  time  must  have  passed  since  food 
was  taken.  Twelve  hours  from  the  last  meal  is  generally  accepted 
as  being  satisfactory,  so  it  is  convenient  to  do  the  test  in  the  early 
morning.  Rreakfast  is  then  delayed  until  after  the  test.  As  regards 
physical  rest,  if  there  has  not  been  any  vigorous  muscular  activity, 
it  is  sufficient  if  the  patient  lies  down  for  half  an  hour  immediately 
before  the  test.  With  hospital  patients  this  presents  no  difficulty. 
The  test  can  either  be  done  at  the  bedside  or  the  patient  taken  in 
bed  to  a  special  room.  With  out-patients,  the  half-hour  rest  is 
satisfactory  provided  activity  has  been  small.  But  since  the  effect 
of  any  strenuous  exercise  in  raising  the  rate  of  metabolism  may  ex¬ 
tend  over  several  hours,  there  must  be  an  element  of  doubt  as  regards 
the  reliability  of  tests  done  on  out-patients.  Robertson  (1944)  made 
a  careful  study  of  this  subject  and  concluded  that  reliable  results  can 
be  obtained  if  determinations  are  made  on  successive  days.  He  used 
a  rest  of  half  an  hour  lying  on  a  couch  and  made  duplicate  measure¬ 
ments  of  ten-minutes  duration  each  morning.  His  results  on  the  second 
dav  agreed  within  5  per  cent,  in  the  great  majority  of  cases  and  wjre 
rather  lower  than  those  obtained  on  the  first  morning.  In  the  few 
cases  in  which  there  was  not  such  agreement  further  estimations  were 
carried  out.  These  findings  have  been  confirmed  by  other  workers. 
The  procedure  suggested  is  as  follows.  After  thirty  minutes’  rest,  lying 
down,  on  the  first  morning,  make  an  estimation,  and  repeat  after  a 
further  rest  of  thirty  minutes.  This  second  estimation  is  usually  lower 
than  the  first.  A  third  estimation  is  made,  in  the  same 
second  morning.  If  this  agrees  with  tlie  second  test  done  on  the  hrst 
morning,  the  investigation  can  be  stopped  at  tins  pomt  If  it  does 
not  a  further  estimation  is  done  thirty  minutes  later,  ‘''J 
experience  it  is  rare  for  agreement  not  to  be  obtained  by  this  • 
LhKier  sucli  conditions  sufficiently  accurate  estimations  can  be  made 


basal  metabolism,  oxygen  capacity 


385 


regards  freedom  from  disturbance  make  such  a  special  room  desirable 

''^hrpatfenT should  not  read  or  talk  during  the  period  of  resting 
and  should  be  quite  comfortable  so  that  movements  arising  from 
discomfort  are  not  often  made.  The  bladder  f  Jj 

shortly  before  beginning  the  test  so  that  any  discomfort  from  a  full 

bladder  does  not  interfere. 

INTERPRETATION  i  •  i  4.1 

In  the  table  giving  the  standards  of  Robertson  and 
normal  range  is  shown.  For  the  Boothby  and  Sandiford  standards 
a  range  of  ±  15  per  cent,  from  the  figures  given  is  usually  allowed 

for  normal  persons.  .  •  u  i 

A  high  calorie  diet,  particularly  if  it  is  rich  m  protein,  raises  basal 

metabolism  whilst  a  low  calorie  diet,  poor  in  protein,  tends  to  lower 
it.  So  in  malnutrition,  and  in  diseases  in  which  it  is  present,  some 
reduction  in  basal  metabolism  may  be  found.  Fever  raises  basal 
metabolism  by  approximately  7  per  cent,  for  each  °  F.,  or  13  per 
cent,  for  each  °  C.,  above  normal.  There  is  an  increase  in  jiregnancy 
and  during  lactation,  which  may  reach  +  30  P^^r  cent. 

Determination  of  basal  metabolism  is  mainly  used  in  thyroid 
disease.  Marked  increases  are  found  in  hyperthyroidism,  corre¬ 
sponding  roughly  to  the  severity  of  the  condition.  Findings  range 
from  normal  to  +  100  per  cent.,  though  even  higher  figures  have 
been  reported.  The  disease  is  severe  if  basal  metabolism  is  more 
than  4-  50  per  cent.,  very  severe  if  it  is  over  -j-  75  per  cent.  In 
hyperthyroidism  the  estimation  is  used  to  assess  the  severity  of  the 
disease,  to  follow  the  exacerbations  and  remissions  to  which  the 
disease  is  subject,  and  to  observe  the  effect  of  treatment.  The 
estimation  may  also  help  in  diagnosis  in  the  small  proportion  of  cases 
in  which  clinical  signs  are  not  as  definite  as  usual  and  yet  in  wdiich 
there  is  a  considerable  increase  in  basal  metabolic  rate.  The  estima¬ 
tion  should  be  carried  out  with  particular  care  in  these  cases.  They 
are  apt  to  give  results  which  may  be  20  to  30  per  cent,  too  high  on 
a  first  measurement  because  of  the  degree  of  apprehension  aroused. 
Special  care  must  be  taken  with  all  cases  of  hyperthyroidism  to  get 
the  patient  familiar  with  the  apparatus.  Otherwise  results  will  not 
be  reliable  and  clinical  signs  will  ])rovide  a  safer  index. 

Basal  metabolism  is  reduced  in  hypothyroidism  (mvxocdcma). 
In  the  severest  cases  values  of  —  50  per  cent,  arc  obtained,  but  the 
common  range  is  from  -  15  to  -  35  per  cent.  The  estimation  is 
used  both  in  diagnosis  and  in  following  treatment. 

Such  marked  changes  in  basal  metabolism  are  not  often  found  in 
other  endocrine  disorders.  Small  increases  to  -f  30  per  cent  are 
sometimes  seen  in  the  early  stages  of  acromegaly,  when  hvper- 
pituitarism  is  present,  though  the  majority  are  normal.  Later,  if 
there  IS  hypopituitarism  a  slight  reduction  may  be  observed  In 
hroh  ich  s  syndrome  only  a  small  reduction  is  found,  but  in  Sim- 
momls  disease  values  as  low  as  -  40  per  cent,  are  seen.  While 
t  ^ii^hing  s  syndrome  may  shew  moderate  increase,  there  is  usuallv  a 
small  decrease  in  Addison  s  disease. 
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Few  other  conditions  show  alteration  in  basal  metabolism. 
Moderate  increases  have  been  reported  in  leiikiemia,  both  myelo¬ 
genous  and  lymphatic,  and  in  polycythemia  vera.  Values  from  —  15 
to  —  35  per  cent,  are  seen  in  the  earlier  phases  of  Type  II  nephritis 
being  lowest  when  the  oedema  is  most  extensive.  The  increase  in 
body  weight  due  to  the  oedema  artificially  raises  the  figure  for  the 
normal  basal  metabolism  in  these  cases,  but  it  is  not  universally 
accepted  that  this  fully  accounts  for  the  low  readings.  Very  occa¬ 
sional  increases  have  been  reported  in  hypertension. 

\\  ith  the  exception  of  those  cases  in  which  there  is  endocrine 
dysfunction,  basal  metabolism  is  normal  in  obesity.  Because  it  is 
low  in  malnutrition  and  in  starvation,  it  is  low  in  diseases  in  which 
there  is  under-nutrition.  Thus  it  may  be  low  in  anorexia  nervosa, 
particularly  in  severer  cases,  so  that  this  condition  cannot  be  differen¬ 
tiated  from  hypopituitarism  by  this  means. 

Reduced  values  are  also  found  in  shock. 


OXYGEN  CONTENT  AND  OXYGEN  CAPACITY 

The  oxygen  present  in  blood  is  almost  entirely  loosely  combined 
with  haemoglobin,  that  in  simple  physical  solution  forming  only  2  or 
3  per  cent,  of  the  total.  Several  different  terms  and  quantities  are 
used  in  connection  with  the  blood  oxygen. 

The  oxygen  content  of  blood  refers  to  the  sum  of  the  oxygen  com¬ 
bined  with  haemoglobin  and  that  physically  dissolved,  whieh  is 
present  in  the  circulating  blood  in  either  the  veins  or  the  arteries. 
It  is  expressed  in  ml.  oxygen,  corrected  to  N.T.P.,  per  100  ml.  blood. 
The  blood  has  to  be  collected  under  oil  so  as  to  avoid  loss  of  gas,  or 
further  oxygenation  by  contact  with  the  oxygen  of  the  atmosphere. 
By  using  a  small  correction  for  the  oxygen  present  in  physical  solution, 
the  amount  actually  combined  with  hwmoglobin  can  be  obtained. 

By  oxygen  capacity  we  mean  the  amount  of  oxygen  which  the  blood 
contains  when  it  is  fully  oxygenated.  No  precautions  are  necessary 
in  the  collection  of  the  blood  since  the  first  step  in  its  determination 
is  to  mix  the  blood  with  air.  This  is  also  expressed  as  ml.  oxygen 
per  100  ml.  of  blood.  If  the  volume  of  oxygen  in  physical  solution 
is  subtracted  from  the  oxygen  capacity  we  get  the  oxygen  combining 
pozver,  the  volume  of  oxygen  which  is  combined  with  the  haemoglobin 
of  the  blood  when  this  is  fully  saturated.  Consequently  this  affords 
a  measure  of  the  amount  of  haemoglobin  present  in  the  blood.  There 
is  no  agreed  figure  for  the  amount  of  oxygen  which  can  combine  with 
1  eram  of  hicmoglobin,  but  1  -34  ml.  is  commonly  used. 

The  oxygen  saturation  is  the  percentage  of  the  oxygen  combining 
power  represented  bv  the  oxygen  actually  combined  with  haemo¬ 
globin.  It  is  thus  the  ratio  of  the  oxygen  content  less  the  oxygen  in 
physical  solution  to  the  oxygen  capacity  less  the  oxygen  m  physic 

solution,  multiplied  by  100.  .  -  ...wi  pun 

Ox, men  UHSaturntioH  is  tl.e  opposite  ol  oxygen 
be  obtained  by  subtracting  the  oxygen  saturation  from  100. 

Of  these  the  oxvgen  content  and  oxygen  capacity  are  determinec , 
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the  others  being  derived  from  them.  The  determinations  may  be 
earried  out  using  tlie  Van  Slyke  apparatus  deseribed  for  the  ^^^i^tion 
of  alkali  reserve.  The  method  is  the  same  for  both,  except  that  the 
specimen  of  blood  is  collected  differently. 

Determination  of  Oxygen  Capacity  and  Oxygen  Content 

The  blood  is  mixed  in  the  Van  Slyke  apparatus  with  an  oxygen 
reagent  containing  saponin  to  lyse  the  cells,  potassium  ferncyanide 
to  liberate  the  oxygen,  and  caprylic  alcohol  to  prevent  frothing.  A 
mixture  of  oxygen,  carbon  dioxide  and  nitrogen  is  obtained,  the 
carbon  dioxide  being  absorbed  by  sodium  hydroxide. 

Reagents.  1.  Oxygen  reagent.  Dissolve  3  grams  of  potassium 
ferricyanide  and  3  grams  of  saponin  in  water,  add  3  ml.  of  caprylic 
alcohol  and  make  up  to  a  litre. 

2.  Sodium  hvdroxide,  2  per  cent,  solution. 

Technique.  Mix  the  oxygen  reagent  thoroughly  and  measure 
7-5  ml.  into  cup  C  of  the  Van  Slyke  apparatus  (Fig.  59).  By 
lowering  the  mercury  reservoir,  transfer  this  to  the  pipette  and 
deaerate  by  producing  a  vacuum.  For  oxygen  capacity,  place  the 
blood  in  a  separating  funnel  of  about  300  ml.  capacity,  taking  care 
if  the  blood  has  been  standing,  to  see  that  the  cells  are  completely 
and  evenly  distributed  throughout  the  specimen.  Allow'  the  blood 
to  form  a  thin  layer  over  the  surface  of  the  funnel  and  rotate  to  ensure 
complete  aeration  of  the  hiemoglobin.  For  oxygen  content  take  the 
blood  under  paraffin  and  keep  it  so,  mixing  thoroughly  just  before 
doing  the  estimation. 

In  both  cases  now  proceed  as  follows.  After  removing  gas  from 
the  oxygen  reagent  in  the  pipette,  force  6  ml.  of  this  into  the  cup, 
and  pipette  2  ml.  of  the  blood  by  means  of  an  Ostw'ald  pipette. 
Place  the  tip  of  the  pipette  at  the  bottom  of  the  cup  under  the 
liquid,  and  run  the  blood  and  all  the  reagent  except  1  ml.  into  the 
pipette  of  the  apparatus.  Seal  off  the  tap  by  placing  a  small  amount 
of  mercury  in  the  bottom  of  the  cup.  Lower  the  mercury  reservoir 
to  produce  a  partial  vacuum,  and  shake  until  a  constant  volume  of 
gas  is  obtained  in  the  calibrated  part  of  the  pipette.  From  five  to 
ten  minutes  is  usually  required.  Run  the  liquid  into  the  side  tube  F, 
wash  out  cup  C  with  distilled  water  and  place  in  it  a  few'  ml.  of  2  per 
cent,  sodium  hydroxide.  By  suitably  placing  the  mercurv'  reserv'oir, 
run  in  slowly  ()'5  ml.  of  this  solution,  which  should  have  been 
deaerated  previously.  Introduce  some  mercury  into  cup  C  and  run 
a  fine  stream  down.  This  takes  the  hydroxide  with  it,  otherwise  it 
would  remain  at  the  upper  end  of  the  pipette.  Mix,  run  as  much 
liquid  as  possible  into  F,  and  again  read  the  volume  of  gas,  having 
adjusted  the  level  of  mercury  in  the  reservoir  so  that  it  is  higher  than 
that  of  the  mercury  in  the  pipette  by  one-thirteenth  of  the  height  of 
any  liquid  still  in  the  pipette.  This  gas  is  a  mixture  of  oxygen  from 
the  hemoglobin  and  of  oxygen  and  nitrogen  in  physical  solution. 
Ascertain  the  temperature  and  the  barometric  pressure. 

Calculation.  If  t  =  temperature  in  °  C.  and  B  =  barometric 
pressure  in  mm.  of  mercury,  and  V  =  volume  of  gas  (oxygen  + 
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nitrogen)  in  ml.,  then  the  corrected  volume  of  gas  to  0°  C.  and 
760  mm.  Hg. 

V  (B-w)  _  V  (R  -  w) 

~  7 GO  I  -  +  ~  (iT  0^3670 

\273  ^  / 

where  zv  =  vapour  tension  of  water. 

So  oxygen  capacity  in  nd.  oxygen  per  100  ml.  blood 
_  V  (B  —  re)  _  100 
~  760  (T  +  0-003670  ^  ”2 

since  2  ml.  of  blood  were  used.  l-O  represents  the  correction  for  the 
oxygen  and  nitrogen  in  physical  solution. 

If  oxygen  content  is  being  calculated,  the  correction  made  to  obtain 
ox^^gen  combined  with  lijemoglobin  is  to  subtract  1-5  ml.  for  arterial 
blood  and  1-3  ml.  for  venous  blood.  If  oxygen  only  has  been 
measured  (see  below),  the  corrections  for  oxygen  in  physical 
solution  required  to  givx  the  oxygen  actually  combined  with  haemo¬ 
globin,  are  O-o  ml.  per  100  ml.  for  blood  saturated  at  20°  C.,  760  mm. 
pressure,  0-2  ml.  for  arterial  blood  and  0-1  ml.  for  venous. 

Note.  The  oxygen  can  be  absorbed  by  means  of  an  alkaline 
hydrosulphite  solution.  Weigh  out  10  grams  of  sodium  hydro¬ 
sulphite  and  1  gram  of  sodium  anthraquinone  jS-sulphonate.  Place 
these  in  a  beaker,  add  50  ml.  of  N  potassium  hydroxide  and  stir  for 
a  few  seconds.  Filter  quickly  through  cotton  wool.  Deaerate  in 
the  gas'apparatus  and  transfer  to  a  bottle  and  cover  with  oil.  The 
two  solids  can  be  mixed,  powdered  in  a  mortar,  and  kept  thus, 
11  grams  being  weighed  when  required.  The  solution  must  be  used 
on  the  day  on  which  it  is  prepared,  even  if  it  be  kept  under  oil. 

For  absorption  of  oxygen,  place  2  ml.  of  the  hydrosulphite  solution 
in  the  cup  C  and  slowly  draw  in  about  0-5  ml.,  doing  this  so  slowly 
that  a  thin  film  of  solution  is  produced  on  the  wall  of  the  pipette. 
Run  in  a  little  mercury  in  a  fine  stream  to  break  any  column  of 
solution  above  the  gas.  Only  0-()2  to  0-03  ml.  of  nitrogen  gas  should 
be  left.  Run  a  further  0-5  nil.  of  hydrosulphite  through  this  bubble. 
Now  draw  the  hydrosulphite  into  the  side  tube  F  and  read  the  volume 
of  residual  gas.  This  subtracted  from  the  reading  of  oxygen  + 
nitrogen,  gives  the  oxygen  liberated.  Correct  to  N.T.P.  as  described. 


INTERPRETATION  .  ,  ,  ,  i  p  i  i  i 

The  oxygen  content  of  the  arterial  blood  for  males  has  been 
estimated  as  beii.g  from  14  to  24  ml.  per  100  ml.,  averaging  about 
19  ml.,  the  corresponding  range  for  venous  blood  being  1  o  ., 
averaging  14  to  15  ml.,  from  which  it  is  seen  that  the  amount  o 
oxygen  utilized  by  the  tissues  is  about  20  per  cent,  of  that  present 

in  the  arterial  blood. 

Percentage  utilization  , 

O2  content  of  arterial  blood  —  Qg  content  of  venous  blood  ^ 

=  O2  content  of  arterial  blood" 


19  —  14-5 


X  100  =  23  per  cent. 


19 
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Figures  for  female  blood  are  lower  because  of  the  smaller  content 
of  haemoglobin,  being  about  10  to  15  per  cent,  below  the  values  tor 
male  blood.  The  oxygen  saturation  of  arterial  blood  is  only  about 
5  per  cent,  short  of  full  saturation,  being  not  less  than  94  per  cent, 
saturated,  whilst  that  for  venous  blood  is  usually  in  the  range  70  to 

75  per  cent.  .  . 

An  inadequate  supply  of  oxygen  to  the  tissues  is  termed  anoxia, 

four  types  of  which  have  been  recognized  (Barcroft,  1920  ;  Peters  and 
Van  Slyke,  1932).  The  more  limited  term  anoxcemia,  that  is,  a 
diminished  supply  of  oxygen  to  the  blood,  is  also  used. 

1.  Anoxic  anoxia,  in  which,  although  oxygen  capacity  is  normal, 
saturation  of  arterial  blood  is  less  than  normal.  This  may  be  due  to 
shortage  of  oxygen  at  high  altitude  ;  to  the  rapid  shallow  breathing 
which  may  occur  in  some  lung  diseases  such  as  pneumonia  ;  as  a 
result  of  obstruction  to  the  entry  of  oxygen  into  the  alveoli  which 
may  occur  in  a  number  of  diseases  of  the  respiratory  tract,  emphy¬ 
sema,  lung  congestion,  bronchitis  ;  in  congenital  heart  disease, 
when  some  blood  passes  from  the  right  side  of  the  heart  to  the  left 
thus  missing  the  pulmonary  circulation. 

2.  Anaemic  anoxia,  in  which,  although  oxygen  saturation  is  normal, 
^the  arterial  blood  has  a  reduced  oxygen  capacity  because  some  of 

the  haemoglobin  has  been  rendered  non-functioning  as  a  result  of  its 
conversion  into  substances  such  as  carboxyhaemoglobin,  methaemo- 
globin,  and  sulphaemoglobin  ;  or  because  as  a  result  of  anaemia  there 
is  less  haemoglobin  than  in  normal  persons. 

3.  Stagnant  anoxia,  as  a  result  of  some  circulatory  deficiency. 
Arterial  oxygen  capacity  may  be  normal,  as  may  arterial  oxygen 
content,  so  that  saturation  of  arterial  blood  is  normal,  but  because  of 
the  reduced  circulation  an  increased  amount  of  oxygen  is  removed 
by  the  tissues  so  that  the  oxygen  content  of  venous  blood  and  hence 
the  saturation  of  venous  blood  is  below  normal.  This  is  most 
frequently  seen  in  decompensated  heart  disease,  but  may  be  present 
in  shock. 

4.  Histotoxic  anoxia  is  the  term  given  by  Peters  and  Van  Slyke  to 
conditions  in  which  tissue  cells  are  unable  to  utilize  oxygen  normally. 
It  may  be  found  in  poisoning,  for  example,  by  alcohol,  and  by 
potassium  cyanide. 

Cyanosis  has  been  shown  not  to  appear  until  5  grains  of  hfemoglobin 
per  100  ml.  of  arterial  blood  is  present  either  as  reduced  haemoglobin, 
or  as  one  of  the  other  blood  pigments  such  as  methaemoglobin  or 
sulphaemoglobin. 


VITAL  CAPACITY 

1.1  each  respiratio,.  only  about  500  ml,  of  air  enters  and  leaves  the 
body  and  of  this  only  about  350  ml.  actually  enters  the  lungs  to  mix 

However  “'f®'  .Tills  500  ml.  is  termed  the  (idol  air. 

However  after  a  normal  expiration  a  further  1,000  to  1,500  ml  of 

air  can  he  forced  out,  the  .supplemental  air.  There  still  remains 
rather  more  than  a  litre  of  air,  residual  air,  in  the  lungs,  which  0^.10? 
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ordinarily  be  forced  out.  Furthermore,  when,  after  a  normal 
expiration,  as  deep  an  inspiration  as  possible  is  taken,  2 J  to  3  litres 
of  air  can  be  inhaled.  The  difference  between  this  and  the  tidal  air 
IS  referred  to  as  the  complemental  air. 

The  vital  capacity  is  the  sum  of  the  tidal,  supplemental,  and 
complemental  airs.  It  is  thus  the  volume  of  air  which  can  be  expelled 
from  the  lungs  after  a  maximum  inspiration.  For  its  measurement 
the  person  fits  a  mouthpiece,  takes  as  deep  a  breath  as  possible,  and 
breathes  out  through  a  gas  meter  (spirometer)  which  records  the 
volume  of  gas  passing  through.  The  lungs  are  emptied  as  completely 
as  possible. 

The  normal  vital  capacity  averages  about  4,000  to  4,500  ml.  for 
men  and  about  3,000  ml.  for  women.  It  naturally  varies  with  size, 
and  has  been  related  to  both  height  and  surface  area.  For  men, 
the  normal  may  be  taken  as  25  x  height  in  cm.,  or  2,500  x  surface 
area  in  square  metres  ;  for  women,  20  x  height  in  cm.,  or  2,000  x 
surface  area  in  square  metres.  The  type  of  occupation  has  a 
considerable  effect  of  the  vital  capacity,  which  is  higher  in  persons 
leading  a  more  active  life.  Thus  it  is  high  in  athletes,  lower  in 
sedentary  workers. 

Measurement  of  vital  capacity  has  been  used  mainly  in  lung 
diseases,  but  also  in  heart  disease.  In  these  it  is  naturally  reduced, 
sometimes  very  considerably. 
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CHAPTER  XXI 


H/EMOGLOBIN  AND  RELATED  COMPOUNDS 

H^tiMOGLOBiN  is  present  to  the  extent  of  some  14  to  16  grams  per 
eent.  in  blood,  normally  occurring  entirely  in  the  red  cells.  It  is  a 
conjugated  protein,  composed  of  a  protein,  globin,  and  an  iron- 
containing  prosthetic  group,  hsem,  the  structure  of  which  has  been 
determined  and  may  be  represented  as  shown,  the  iron  being  in  the 
ferrous  state.  Oxidation  converts  haem  into  haematin  (ferrihaem),  which, 


Haem  (Ferrihaem) 


when  linked  with  the  protein  globin,  gives  methaemoglobin  in  which  the 
iron  is  in  the  ferric  form  and  which  can  be  prepared  directly  from 
haemoglobin  by  oxidation.  There  are  accordingly  both  ferrous  and 
ferric  compounds  in  haemoglobin  and  its  derivatives. 

Haemoglobin  and  substances  derived  from  it  can  be  divided  into 
the  following  groups  of  compounds  representing  different  stages  in 
their  degradation. 


1.  Hemoglobin  and  related  iron  containing  chromoproteins,  such 
moglSiif^^^^^^^”'’  carboxyhaemoglobin,  sulphae- 


2.  When  the  prosthetic  group  is  removed  from  the  globin  we  have 
sliow"rabo°ve"°'''''''''^''“'"'^  compounds  typified  by  h^m  and  haematin 


3.  When  the  iron  is  removed  from  the  second  group  of  substances 

391 


892 


PRACTICAL  CLINICAL  BIOCHEMISTRY 


Haematin  (Ferrihaem  hydroxide) 


we  obtain  the  porphyrins,  in  which  the  ring  of  four  pyrrole  groups  is 
still  intact. 

4.  When  the  ring  is  opened  we  get  open  chain  compounds  built 
up  from  the  four  pyrrole  groups.  These  include  the  bile  pigments, 
bilirubin  and  related  compounds,  biliverdin,  urobilinogen  and  so  on. 


h.t:moglobin  and  related  chromoproteins 

Hcvmoglobin  or  Reduced  II ccmoglobiu,  as  we  have  seen,  is  the  pig¬ 
ment  present  in  the  red  blood  cells  and  is  a  combination  of  the 
protein  globin,  with  the  ferrous  iron-containing  compound,  hsBin. 
It  would  seem  that  in  addition  to  there  being  different  haemoglobins 
for  different  species,  there  may  be  more  than  one  in  the  same  animal. 

Oxiihwmoglobin  is  formed  when  a  solution  of  haemoglobin  is  shaken 
with  air  The  iron  present  is  not  oxidized,  but  remains  in  the  ferrous 
state.  The  union  is  molecular,  the  oxygen  uniting  and  dissociating 
as  D  One  ffram  of  haemoglobin  is  usually  stated  to  combine  ^Mth 
1-34  ml.  of  oxygen  at  N.T.P.  but  doubts  have  been  expressed  as  to 
the  correctness  of  this  figure.  Two  atoms  of  o.ygen  are  taken  up 
for  eacl,  atom  of  iron,  Oxyha-moglobm  is  readily  converted  to 
hicmoirlobin,  for  example,  by  ammomum  sulphide,  sodium  lijdro- 
sulpliite,  and  similarly  loses  its  oxygen  when  exposed  to  a  low  oxygen 

'‘"Mtxyha.l^oglobin  is  formed  by  the  action  of  earhon  mono-™'*!  on 
6  K_o„iobin.  Since  carboxyhaemoglobm  is 

haemog  oxvhaemoglobin,  carbon  monoxide  is  able  to  displace 

frmi  he  latter  rfhat^  air  containing  small  amounts  of 

for  a  period  carboxyhaemoglobm  tends 
^rae"er^t:tl^he"bC!^^oVei:r?m,ee  the  person  stops  breath- 
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iiiff  carbon  monoxide,  carboxyhsemoglobin  disappears  from  the  blood 
fairly  rapidly  with  re-formation  of  oxyhaemoglobm,  a  point  which 
should  be  remembered  when  investigations  are  being  carried  out  on 
siispeeted  earbon  monoxide  poisoning  cases.  For  the  same  reason 
blood  should  be  taken  under  oil  and  not  shaken  in  contact  with 
atmospheric  oxygen.  The  colour  of  carboxyhsemoglobin  is  somewhat 
different  from  that  of  oxyhsemoglobin,  being  rnore  pink  or  carmine. 
Carboxyhsemoglobin  is  unaffected  by  the  reducing  agents  mentioned 
above  which  convert  oxyhsemoglobin  to  hsemoglobin  in  the  cold. 
Heat  and  a  strong  reducing  agent  are  necessary  to  convert  carboxy¬ 
hsemoglobin  to  hsemoglobin. 

The  term  carbonyl  hsemoglobin  has  been  preferred  by  some 
workers  and  is  more  strictly  accurate  but  carboxyhsemoglobin  is  in 
general  use. 

Nitric  oxide  hccmoglohin  can  also  be  formed,  and,  like  carboxy¬ 
hsemoglobin,  has  a  pinker  colour  than  oxyhsemoglobin,  but  differs 
from  carboxyhsemoglobin  in  retaining  this  pink  colour  wEen  dilute 
solutions  of  it  are  boiled.  Whether  it  has  any  significance  clinically 
is  doubtful  but  it  has  been  said  to  be  formed  in  some  cases  of 
pneumonia.  It  is  present  in  meats  cured  with  nitrites  and  nitrates 
and  is  responsible  for  the  typical  colour. 

Methcemoglobin  is  formed  by  oxidation  of  hsemoglobin  and  oxyhse¬ 
moglobin,  for  example,  by  the  action  of  potassium  ferricyanide  on 
the  latter.  The  iron  is  present  in  the  ferric  state  and  methsemoglobin 
is  not  able  to  transport  oxygen  in  the  way  oxyhsemoglobin  can,  for 
although  it  is  converted  to  hsemoglobin  by  reducing  agents  such  as 
ammonium  sulphide,  sodium  hydrosulphite,  Stokes’  reagent,  it  does 
not,  like  oxyhsemoglobin,  give  up  its  oxygen  when  exposed  to  low 
oxygen  pressures.  Methsemoglobin  has  a  rather  characteristic 
dark  brownish  colour,  giving  to  urine  and  to  blood  which  contain 
it  in  appreciable  amounts  a  fairly  typical  colour. 

Sulphwmoglohin  has  been  shown  to  contain  one  more  sulphur  atom 
in  its  molecule  than  does  hsemoglobin,  and  appears  to  be  an  addition 
product  of  hsemoglobin.  It  does  not  combine  reversibly  with 
oxygen  and  is  not  reconverted  by  reducing  agents  to  hsemoglobin, 
differing  in  this  respect  from  methsemoglobin. 


Globin-hcemochromogen.  When  a  dilute  solution  of  blood  is  warmed 
with  alkali,  methsemoglobin  is  formed  and  decomposes  into  globin 
and  ha'inatin.  The  globin  is  denatured  by  the  alkali,  and  on  adding 
a  reducing  agent,  for  example,  sodium  hydrosulphite,  the  hsematin  is 
reduced  to  ham,  which  combines  with  the  denatured  globin  forming 
<i  globin-hamochromogen,  another  chromonrotein. 


0.11  ciiwuiuiii-iisernocnromogen. 
an  appreciable  amount  of  metliain- 
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albumin  has  a  rather  characteristic  colour,  resembling  that  of 
bihrubm,  but  distinguishable  by  those  familiar  with  both. 

Myohwmoglohin,  Myoglobin.  Myohaemoglobin,  or  muscle  haemo- 
g  obm,  as  its  name  suggests  is  a  pigment — present  in  muscle — which  is 
similar  to  haemoglobin.  Its  molecular  weight,  however,  is  only  a 
quarter  of  that  of  haemoglobin.  It  forms  a  series  of  derivatives 
similar  to  oxy,  carboxy,  and  methaemoglobin. 

Occurrence  in  Cells,  Plasma  and  Urine 

Haemoglobin  being  an  intracorpuscular  pigment  does  not  normally 
occur  in  appreciable  amounts  in  plasma.  However,  since  it  is  not 
easy  in  practice  to  obtain  serum  or  plasma  completely  free  from 
oxyhaemoglobin,  faint  bands  can  often  be  seen  on  careful  spectro¬ 
scopic  examination.  With  careless  technique  gross  haemolysis  may 
occur.  It  is  important  to  bear  this  in  mind  when  examining  blood 
in  cases  where  intravascular  haemolysis  is  suspected.  Conditions  in 
which  haemoglobin  is  present  in  plasma  in  vivo  are  referred  to  later 
(p.  404).  Haemoglobin  can  be  filtered  by  the  glomeruli  when  present 
in  plasma  if  its  concentration  exceeds  a  certain  low  threshold 
value.  Accordingly  it  is  found  in  urine  in  conditions  in  which  there 
is  appreciable  intravascular  haemolysis. 

Methaemoglobin  and  sulphaemoglobin  are  not  found  in  normal 
blood  but  may  be  formed  intracorpuscularly  from  haemoglobin.  So 
long  as  the  cells  are  intact  they  will  not  appear  in  the  urine.  However, 
if  such  cells  haemolyse  intravascularly,  methaemoglobin  is  liberated 
and  can  be  filtered  by  the  glomeruli  in  the  same  way  as  haemoglobin, 
and  so  is  found  in  the  urine.  Haemoglobin  may  also  be  converted  into 
methaemoglobin  after  it  has  been  passed  in  the  urine.  Methaemoglobin 
may  thus  be  found  in  cells,  plasma,  and  urine.  The  presence  of 
sulphaemoglobin  in  the  urine  does  not  appear  to  have  been  reported. 

Methaemalbumin,  being  formed  by  linkage  of  haematin  and  plasma 
albumin,  is  found  in  plasma,  but  is  not  filtered  by  the  glomeruli  and 
so  does  not  appear  in  the  urine. 

Identification  of  the  Pigments 

Spectroscopic  Examination 

In  examining  specimens  for  the  presence  of  these  pigments,  spectro¬ 
scopic  examination  provides  valuable  evidence,  particularly  when 
combined  with  chemical  tests. 

Many  laboratories  wdll  only  possess  a  direct  vision  spectroscope. 
In  its  simplest  form  this  has  a  movable  eyepiece  which  can  be  focussed 
and  a  slit  which  can  be  opened  and  shut.  Some  instruments  have  a 
scale  on  which  the  position  of  lines  can  be  noted  for  comparison 
purposes,  and  with  some  pocket  direct  vision  spectroscopes  it  is 
possible  to  observe  two  solutions  simultaneously.  By  means  ot  a 
small  prism  covering  half  the  slit  and  a  small  mirror  at  the  side,  vvo 
spectra  can  be  observed  one  above  the  other,  or  a  specimen  can  be 
observed  at  the  same  time  as  the  spectrum  of  ordinary  light.  Alter¬ 
natively  the  small  prism  can  be  moved  so  as  to  get  lines  of  full  wic 
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using  the  whole  of  the  slit  to  observe  the  specimen  which  is  being 

^^IrT'using  these  instruments  correct  adjustment  of  the  slit  and 
proper  focussing  are  essential  if  reliable  observations  are  to  be  made. 
A  narrow  slit  is  usually  required.  Make  the  necessary  adjustrnents 
of  slit  and  eyepiece  by  observing  some  rather  bright  ordinary  light. 
The  spectrum  should  be  clear  and  sharp  with  the  Fraunhofer  lines 
sharplv  defined.  The  liquid  under  observation  may  be  placed  m  a 
test  tube,  f  or  1  inch  in  diameter  but  it  is  more  convenient  to  use 


Table  XXVIII 

Absorption  Bands  of  Hcemoglobin  and  Derivatives 
Wavelengths  of  Maximum  Absorption  in  Millimicrons 


a 

y 

8 

Haemoglobin  ..... 

555 

430 

— 

— 

Oxvhaemoglobin  .... 

577 

541 

413 

- - 

Carboxyhaemoglobin  .... 

570 

5,35 

418 

- - 

Methaemoglobin  .... 

630 

500 

406 

- - 

Alkaline  Methaemoglobin 

600 

577 

540 

411 

Sulphaemoglobin  .... 

618 

577 

541 

— 

Methaemalbumin  .... 

623-624 

540 

501 

— 

Myohaemoglobin  .... 

582 

543 

— 

— 

Cyanhaemoglobin  .... 

540 

414 

— 

■ - 

Globin  haemochromogen 

558 

— 

■ — 

• — ■ 

Albumin  haemochromogen  . 

558 

529 

— 

— 

Acid  Haematin  (in  glacial  acetic  acid)  . 
Alkaline  haematin  (in  10  per  cent,  aqueous 

632 

540 

510 

400 

NaOH) . 

580 

— 

— 

- - 

Deuteroporphyrin  (in  25  per  cent.  HCl). 

591 

— 

548 

404 

Coproporphyrin  (in  25  p)er  cent.  HCl) 

593  5 

(574) 

550-5 

405 

Uroporphyrin  (in  25  per  cent.  HCl) 

597 

(.577) 

553-5 

410  5 

Zinc  uroporphyrin  .... 

577 

541 

— 

— 

Protoporphyrin  (in  25  per  cent.  HCl)  . 

602  5 

582 

557  2 

411 

Urobilin  ...... 

490 

_ _ 

__ 

Zinc  urobilin  ..... 

506-5 

— 

— 

— 

containers  with  parallel  sides  of  which  a  series  with  varying  depths  of 
view  is  particularly  valuabk.  In  addition  to  the  proper  adjustment 
of  the  spectroscope  it  is  important  to  view  through  the  correct  depth 
for  the  particular  liquid  under  investigation.  With  experience  this 
can  be  gauged  with  reasonable  accuracy,  but  even  then  it  is  often, 
advisable  to  view  through  several  depths,  or  to  use  a  series  of  dilutions. 
With  blood  a  dilution  of  1  in  50  is  often  used.  A  useful  device  is  to 
put  some  of  the  blood  into  a  6  x  1  inch  test  tube  and  add  water 
without  mixing.  A  concentration  gradient*  is  thus  obtained  so  that 
by  moving  the  spectroscope  slowly  up  the  tube  the  liquid  can  be 
viewed  at  increasing  dilution  and  the  most  satisfactory  one  quicklv 
round  for  noting  the  lines  present.  ^ 

de^^nUed  later'^^'^^'^^'''"  spectroscope  used  by  some  laboratories  is 

various  substances  mentioned  are  given  in 
‘hot.  68  "'"'i'"-™--  The  spectra  are 


PRACTICAL  CLINICAL  HIOCHIAIISTR V 


i})6 


Ox^  haemoglobin 


Cor  boxy  haemoglobin 
Net  haemoglobin 

Met  haemoglobin 
(as  often  seen  m  (yseJ 
corpuscles ) 

Alkaline  Mlethaemo- 
globln 

Haemoqlobin 


Sul|3haennoglobin 


Sul  jphaemoglohi  n 
(lysed  corjouscles) 

Methoe  nna  I  born'H 


Albumin  hoemo- 
chromogen 

Acid  Haematin  m 
HCl. 


Fig.  68.  Spectra. 
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Fig.  (58.  Spectra. 
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The  two  bands  in  the  yellow  and  the  green  are  partieularly  charae- 
teristic  of  oxyhcvmoglobin  ;  it  has  a  third  band  in  the  violet  which 
IS  not  so  easily  seen.  The  a  band  is  narrower  and  more  intense  than 
the  p  and  lies  very  near  to  the  D  line. 

ihenioglobin  show^s  a  broad,  not  very  intense  band,  centred  between 
the  a  and  p  bands  of  oxyhaeinoglobin,  covering  the  whole  of  the  space 
between  them  and  part  of  the  bands  themselves.  Carboxyhcemoglobin 
has  two  bands  similar  to  those  of  oxyhaeinoglobin  but  displaced 
slightly  towards  the  violet  end  of  the  spectrum.  Methiemoglobin, 
sulphcrmoglobin,  and  methcemalbumin,  all  show  a  narrow  band  of 
relatively  weak  intensity  in  the  red.  In  spectroscopic  examination 
of  blood  very  careful  observation  should  be  made  for  such  a  band. 
Its  presence  may  sometimes  be  overlooked  unless  blood  only 
moderately  diluted  is  used,  or  a  deep  layer  of  blood  diluted  1  in  50 
is  observed,  when  only  the  a  band  in  the  red  wall  be  seen.  It  will  be 
noticed  that  the  position  of  this  band  in  the  red  is  slightly  different 
in  the  three  cases.  It  is  not  easy  always  to  .see  these  differences  on  a 
direct  vision  spectroscope  but  they  can  be  shown  in  the  reversion 


spectroscope.  Differentiation  is  also  possible  because  of  their 
different  behaviour  towards  reducing  agents.  The  spectra  of  globin 
and  albumin  hmmochromogens  are  characterized  by  two  bands  in  the 
yellow’  green,  the  a  band,  situated  betw'een  the  tw’o  characteristic 
bands  of  oxyhaemoglobin,  in  each  case  being  very  much  more  intense 
than  the  which  is  rather  faint.  Their  a  bands  are  also  considerably 
more  intense  than  that  of  oxyhaemoglobin. 

Myohcemoglobin  and  its  derivatives  give  spectra  similar  to  those 
of  the  corresponding  derivatives  of  haemoglobin,  except  that  the 
bands  are  displaced  a  little  tow’ards  the  red.  Thus  the  position  of 
the  a  bands  of  oxy,  carboxy,  and  metmyohaemoglobin  are  581-2, 
579,  and  636  millimicrons  respectively  (Byw'aters  et  al.,  1941). 

Since  the  pigments  in  some  cases  may  be  either  intracorpuscular 
or  extracorpuseular,  it  may  be  of  interest  to  study  both  whole  blood 
and  plasma. 

Use  of  the  Hartridge  Reversion  Spectroscope  (Hartridge,  1914, 
1922).  In  this  instrument  two  spectra  of  the  solution  used  are 
formed,  with  one  reversed.  By  means  of  an  adjustment  it  is  possible 
to  move  one  of  these  so  that  any  particular  band  of  one  spectrum 
can  be  made  to  touch  any  band  of  the  other.  Normal  blood  is  placed 
in  the  instrument  and  the  a  bands  are  made  to  overlap.  Ihen  blood 
suspected,  for  example,  of  containing  carboxyhaemoglobin,  is  intro¬ 
duced.  If  this  is  present  the  bands  will  no  longer  coincide  since 
there  will  have  been  a  slight  displacement  towards  the  violet.  This 
can  be  made  more  sensitive  with  special  care  and  filters  and  the 
instrument  can  be  used  to  give  a  quantitative  estimation  by  cali¬ 
brating  it  with  diluted  blood  containing  knowui  percentages  of  satura¬ 
tion  with  carbon  monoxide.  .  •  4.1 

The  instrument  can  be  used  in  the  same  way  for  contrasting  me 
bands  in  the  red  of  methaemoglobin  and  sulphaemoglobin.  By 
oxidizing  a  suitable  dilution  of  blood  with  a  crystal  of  potassium 
ferricyanide,  methaemoglobin  is  formed,  and  is  placed  m  the  instru- 
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merit  which  is  then  adjusted  so  that  the  bands  in  the  red  overlap. 
The  blood  under  test  is  then  substituted.  If  it  contains  methac- 
moglobin  the  bands  again  overlap  but  do  not  do  so  if  siilphae- 
moglobin  is  present  or,  using  plasma  or  serum,  if  methgemalbumin 
is  present.  A  solution  can  be  prepared  by  adding  to  10  ml.  of 
normal  blood  diluted  1  in  100,  0-1  ml.  of  0-1  per  cent,  phenylhydrazine 
in  water  and  1  drop  of  water  saturated  with  hydrogen  sulphide. 
This  forms  sulphsemoglobin.  If  methaemalbumin  is  introduced  its 
a  band  will  overlap  neither  of  these  prepared  solutions  of  methae- 
moglobin  or  sulphaemoglobin.  It  may  also  be  noted  that  when 
carbon  monoxide  is  passed  into  a  solution  of  sulphaemoglobin  its 
a  band  moves  towards  the  violet  whereas  that  of  methaemoglobin  is 
not  affected. 


Action  of  Reducing  Substances 

In  the  great  majority  of  cases  it  is  possible  to  identify  a  blood 
pigment  by  a  combination  of  spectroscopic  examination  using  a 
direct  vision  spectroscope,  with  study  of  the  effect  of  reducing 
agents.  The  blood  is  first  observed  carefully  with  the  spectroscope 
using  a  wide  range  of  dilutions.  If  no  band  in  the  red  is  seen  then 
methaemoglobin  and  sulphaemoglobin  can  be  reported  as  not  detected. 
In  the  case  of  methaemalbumin  in  serum  or  plasma,  reduction  is  still 
done  since  in  some  cases  in  which  direct  examination  is  negative, 
the  presence  of  the  albumin  haemochromogen  thus  formed,  can  be 
detected  spectroscopically,  since  its  a  band  is  so  much  more  intense 
than  any  of  the  bands  of  methaemalbumin. 

Of  reducing  agents  the  following  are  used. 

Ammonium  sulphide  may  either  be  bought  (for  example,  British 
Drug  Houses  Analar)  or  prepared  by  saturating  33  per  cent,  ammonia 
with  hydrogen  sulphide  and  mixing  this  with  one  quarter  of  its 
volume  of  33  per  cent,  ammonia.  This  reduces  oxyhaemoglobin  and 
methaemoglobin  to  reduced  haemoglobin,  so  that  the  a  band  in  the 
red  in  the  spectrum  of  methaemoglobin  is  removed.  Carboxyhic- 
moglobin  and  sulphaemoglobin  are  not  affected.  If  the  presence  of 
methaemalbumin  is  being  investigated  reduction  of  plasma  or  serum 
IS  carried  out.  This  is  Schumm's  test.  Place  some  serum  or  plasma 
in  a  test  tube,  cover  with  ether  and  add  one-tenth  its  volume  of 
concentrated  ammonium  sulphide  solution.  Examine  spectro¬ 
scopically  looking  particularly  for  the  a  band  intermediate  between 
the  a  and  ^  bands  of  oxyhaemoglobin.  Neither  oxvhaemoglobin  nor 
methaemoglobin  give  a  haemochromogen  when  treated  in  this  wav 

Stokes'  reagent,  ammonium  ferrotartrate.  Weigh  out  OTams  of 
errous  sulphate  and  3  grams  of  tartaric  acid.  ®  Dtss^-e^eadr  “n 
vater,  mix,  and  make  to  100  ml.  with  water.  For  use  take  a  small 

amount  and  add  aurnmnia,  S.fh  ...88,  drop  by  drop  umV^c  prec" pi 

tate  which  first  forms  is  redissolved  This  acts  on  i  u- 

and  methaemoglobin  but  not'  on  metemaibumiu, 
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Action  of  Alkalies 

Ammonia.  One  to  2  drops  added  to  3  to  5  ml.  of  the  diluted  blood 
converts  methfemoglobin  to  alkaline  methsemoglobin,  whieh  has  no 
band  in  the  red  (see  Table  XXVIII,  Fig,  68),  Sulphsemoglobin  is 
not  aflected  by  such  treatment. 

Oxyha?moglobin  and  carboxyhaemoglobiii  also  behave  differently 
towards  alkali.  Mix  equal  volumes  of  blood  and  25  per  eent.  sodium 
hydroxide.  Oxyha?moglobin  turns  brown  whereas  carboxyhaemo- 
globin  is  unaffected. 


Determination  of  Haemoglobin 

The  measurement  of  the  amount  of  haemoglobin  in  blood  is  most 
often  carried  out  in  the  luematology  departments  of  hospital  labora¬ 
tories,  so  that  it  will  only  be  considered  briefly.  For  further  infor¬ 
mation,  see,  for  example,  Daeie  (1950)  and  Maefarlane  (1951). 
Methods  using  the  photoeleetric  colorimeter  are  most  frequently  used. 


1.  Oxyhaemoglobin  Method 

Wash  0-02  ml.  of  blood  into  4  ml.  of  0-04  per  cent,  ammonia 
(0-4  ml.  of  ammonia,  S.G.  0-88,  made  up  to  100  ml.  with  water). 
Read  in  the  photoelectric  colorimeter  using  a  yellow-green  filter  or 
transmission  at  540  millimicrons.  Read  the  amount  of  haemoglobin 
present  on  a  standard  curve  prepared  as  follows  ; 

Take  10  ml.  of  venous  blood  from  a  young,  healthy  person  and 
deliver  into  a  tube  containing  20  mg.  of  Paul  and  Heller’s  anti¬ 
coagulant  (see  p.  175)  derived  from  1  ml.  of  solution.  Add  a  knife¬ 
point  of  saponin  to  haemolyse  the  cells.  Remove  the  cell  envelopes 
by  centrifuging  and  make  a  1  in  100  dilution  of  the  supernatant  fluid 
with  0-04  per  cent,  ammonia  (v/v).  Take  a  portion  and  saturate 
with  pure  carbon  monoxide.  Seal  in  a  test  tube  over  carbon  monoxide 
and  send  to  the  National  Physical  Laboratory  for  standardization. 


Do  this  at  least  once  a  year. 

PYom  some  of  the  remainder  prepare  a  1  in  200  dilution  and  read 
in  the  colorimeter  as  for  the  test.  Prepare  also  a  1  in  200  dilution 
saturated  with  carbon  monoxide  and  read  in  the  same  way.  Use 
the  original  sample  also  to  prepare  dilutions  so  as  to  obtain  a  standard 
curve.  Then  from  the  information  received  from  the  N.P.L.  it  will 
be  possible  to  fix  the  hiemoglobin  value  for  a  jioint  on  this  curve. 
Keep  the  standard  under  carbon  monoxide  at  4°  C.  in  the  dark  so 
that  it  can  be  used  at  intervals  to  check  the  calibration  curve  used. 
In  particular  this  must  be  done  when  any  change  is  made  m  the 

colorimeter  such  as  replacing  a  bulb.  ,  ,  j  ^  hv 

The  haemoglobin  content  of  blood  can  also  be  determined  by 
estimating  the  iron  content  of  the  blood.  See,  for  example,  the 
titanous  chloride  method  (King,  1951). 


II  Alkaline  Haematin  Method  (Clegg  and  King,  1942) 

Add  (.  05  ml.  of  blood  to  4-I.5  ml.  of  N  U. 
for  five  mi.iotcs  in  boiling  water,  and  read  m  the  photoelectric 
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colorimeter  using  a  vellow-greeu  filter  or  transmission  at  540  milli¬ 
microns.  As  standard  pure  luemin  can  be  used.  Dissolve  mg. 
in  1  litre  of  N/IO  sodium  hydroxide.  This  gives  a  colour  similar  to 
that  given  by  blood  eontaining  7-4  grams  of  hemoglobin  per  100  ml. 
On  the  Haldane  scale,  14-8  grams  equals  100  per  cent.,  so  this 
standard  is  50  per  eent.  of  the  average  normal. 

Gibson  and  Harrison  (1945)  have  used  an  artificial  standard  which 
has  a  colour  equal  to  that  given  by  16-0  grams  hemoglobin  per  100  ml. 
To  prepare  this  dissolve  11-61  grams  of  chromium  potassium  sulphate, 
CrK(SOj)2,  12H2O,  showing  no  signs  of  efflorescence,  13-1  grams  of 
anhydrous  cobaltous  sulphate,  and  0-69  gram  of  potassium  dichromate 
in  about  500  ml.  of  distilled  water,  add  1-8  ml.  of  N  sulphuric  acid, 
boil  for  one  minute,  eool,  and  make  up  to  1  litre.  Dry,  anhydrous, 
eobaltous  sulphate  must  be  used.  Heat  about  30  grams  of  C0SO4, 
7H2O  for  about  two  hours  in  a  small  poreelain  dish  at  96°  C.,  breaking 
up  the  eoarser  partieles  frequently.  Then  heat  overnight  at  about 
400°  C.  in  an  electric  furnace,  transfer  hot  to  a  stoppered  bottle,  cool, 
and  weigh  13-10  grams  immediately. 


Normal  Range.  The  following  figures  for  the  normal  range  are 
given  by  Daeie  {Practical  Ihcmatology,  J.  &  A.  Churehill  Ltd.),  1950  .- 


Men 

Women 

Infants,  at  birth 
Children,  one  year 
ten  years 


13-5  to  18-0  grams  per  100  ml. 


11-5  to  16-4  ., 

14-0  to  19-0  „ 

11-2  grams  per  100  ml. 


*9 
•  9 

(average) 

?  9 


Determination  of  the  Carboxyhaemoglobin  present  in  Blood 

Several  methods  have  been  used  for  determining  the  amount  of 
earboxyhjemoglobin  present  in  blood.  Thev  varv  widelv  in  sensi- 
tivity.  One  of  the  simplest  and  most  sensitive ‘is  the  method  of 
oalt  using  the  photoeleetric  eolorimeter. 


1.  Microphotometric  Method  of  Salt  (1951) 

"'‘i’  “  amnioiiia  solution  and 

«n!t  ft  *  I  •'olorinieter,  using  a  suitable  filter,  before 

livloIidUite^"’^Tb!s  '  V'**'"  (sodium 

nyarosulphite).  Tins  reduces  oxyluemoglobin  to  luemo.dobin  wliieli 

f  unaffeTd  tf  earbo.xWr^m'o^iowI; 

Reagents.  1.  Ammonia,  ()-()()7  N  (O-l  nor  x  /,. 

S.G.  0-88).  ^  cent.  \  jy  ammonia 

2.  Sodium  dithionite,  ])owdered. 

Technique  Dilute  ()-l  ml.  of  blood  to  1 2  ml  with  ooir  v 
lake  tw.ee  tins  volu.ue  of  blood  if  the 
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12  grains  per  100  ml.  Divide  into  two  portions  of  6  ml.  Place  one 
in  the  colorimeter  and  read  with  an  orange  filter  having  peak  trans¬ 
mission  at  600  millimicrons  (Ilford  No.  607).  Add  a  few  granules  of 
solid  sodium  dithionite,  avoiding  an  excess,  and  read  again.  To 
confirm  that  complete  reduction  has  occurred,  add  a  further  small 
amount  of  sodium  dithionite  and  read  once  more.  No  further 
alteration  in  reading  should  be  noticed.  Next  bubble  oxygen 
through  the  other  6  ml.  of  diluted  blood  at  room  temperature  for 
thirty  minutes  at  the  rate  of  six  bubbles  per  second  through  a  glass 
jet  1  mm.  in  diameter.  Transfer  to  the  colorimeter  cell  and  read. 
Reduce  with  sodium  dithionite  as  above  and  read  again. 

The  percentage  of  the  pigment  present  as  oxyhaemoglobin  is 
given  by 

_ t,'' 

J^-'Diluted  blood  reduced  -•-'Diluted  blood  _  ^  100 

Epully  oxygenated  diluted  blood  reduced  Ej.',iiiy  oxygenated  diluted  blood 

where  E  stands  for  extinction  coefficient. 

If  this  percentage  is  subtracted  from  100  we  obtain  the  percentage 
of  the  pigment  present  as  carboxyhtemoglobin. 

The  absolute  amount  of  carboxyhaemoglobin  can  be  obtained  if 
a  standard  curve  is  available,  giving  the  extinction  coefficients  for 
known  amounts  of  haemoglobin  reduced  by  dithionite. 

It  is  claimed  that  this  method  will  detect  as  little  as  4  per  cent, 
of  the  hemoglobin  present  as  carboxyhemoglobin. 


11.  Tannic  Acid  Method  (Sayers  and  Yant  1026) 

Qualitative  Tannic  Acid  Test.  Dilute  the  blood  under  test  and 
some  normal  blood,  1  in  5  with  water,  and  add  to  each  a  few  drops 
of  a  3  per  cent,  tannic  acid  solution.  Shake  well.  Normal  blood 
gives  a  precipitate  which  is  dirty  brown,  carboxyhemoglobin  a 
pink  one.  So  the  greater  the  proportion  of  carboxyhemoglobm  the 
more  pink  is  the  deposit  obtained. 


Quantitative  Tannic  Acid  Method 

Reagent.  Pyrogallol-tannie  acid  solution.  Dissolve  2  grams  of 
nvroirallol  and  2  grams  of  tannic  acid  m  ^yater  and  make  to  100  ml. 
“Technique.  Collect  blood  from  an  arm  into  an  oxalate  tube  under 

iririffin  or  directly  into  a  0-2  ml.  pipette  from  » 

Dilute  1  in  10  with  distilled  water,  and  to  1  ml.  of  diluted  blood  add 
1  ml.  of  freshly  prepared  pyrogallol-tannie  acid  reagent  in  a  tube 
similar  to  those  used  for  preparing  the  standards.  Mix.  Stan 
fiftoon  minutes  and  compare  with  standards. 

r,. oxide  by  rotating  witycoa.  ys  in 

to  f  '-r  Vitli  .oe'liedlax  and  sea,  o,,' 

the  tubes. 
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III.  Use  of  Dilution  in  Testing  for  and  Determining  Carboxyhaemoglobin 

On  simple  dilution,  blood  containing  an  appreciable  proportion  of 
carboxyhaemoglobin  has  a  distinctly  different  colour  from  normal 
blood  similarly  diluted.  Use  a  dilution  of  1  in  200  in  0’4  per  cent, 
ammonia  (v/v  with  ammonia,  S.G.  0-88).  Carboxyhaemoglobin  has  a 
pink  to  carmine  tinge,  oxyhaemoglobin  a  more  yellowish  shade  of 
red.  By  comparing  a  suspected  blood  with  normal  blood  and  normal 
blood  saturated  with  carbon  monoxide  all  similarly  diluted,  quite  a 
sensitive  indication  is  obtained  as  to  whether  carboxyhaemoglobin 
is  present  in  appreciable  amounts.  The  test  can  be  made  roughly 
quantitative  by  preparing  a  set  of  standards  of  known  percentages 
of  saturation  with  carbon  monoxide.  On  the  Lovibond  tintometer 
a  disc  is  obtainable  for  such  diluted  blood,  ranging  from  0  to  100  per 
cent,  saturation.  The  0  or  normal  blood  corresponds  to  a  normal 
blood  containing  14*8  grams  hiemoglobin  on  the  Haldane  scale.  So 
by  comparing  the  blood  under  test  with  the  disc,  and  by  measuring 
the  haemoglobin  present,  which  can  be  done  by  saturating  with 
carbon  monoxide,  it  is  possible  to  calculate  the  amount  of  carboxy¬ 
haemoglobin  present  in  the  blood. 


IV.  Gasometric  Method  using  the  Van  Slyke  Apparatus  (p.  354). 


The  gases  are  liberated  from  the  blood,  and  the  oxygen  and  carbon 
dioxide  absorbed  in  alkaline  pyrogallol,  leaving  carbon  monoxide 
and  nitrogen.  The  carbon  monoxide  can  be  absorbed  in  ammoniaeal 
cuprous  chloride  solution  or  a  correction  made  for  the  nitrogen  present. 

Reagents.  1.  Special  carbon  monoxide  reagent.  Dissolve  3 
grams  of  saponin  and  8  grams  of  potassium  ferricyanide  in  water, 
add  4  ml.  of  lactic  acid,  and  then  3  ml.  of  caprylic  alcohol,  and  make 
up  to  a  litre  with  water. 

2.  Alkaline  pyrogallol  solution.  Dissolve  10  grams  of  pyrogallol 
in  200  ml.  of  a  solution  of  potassium  hydroxide  prepared  bv  dissolving 
160  grams  in  130  ml.  of  water.  ^ 


3.  Winkler  s  reagent.  Dissolve  40  grams  of  cuprous  chloride  and 
50  grams  of  ammonium  chloride  in  water  and  make  up  to  150  ml. 
Before  use,  mix  3  volumes  of  this  with  1  volume  of  ammonia,  S  G  0-88 
lechmque.  Collect  a  specimen  of  oxalated  blood  under  oil.  Run 
about  8  ml.  of  the  special  carbon  monoxide  reagent  into  the  cup  C  of 
the  V  an  Slyke  apparatus  and  deaerate  as  described  previously  (p  387) 
Bring  back  into  the  cup,  run  2  ml.  of  blood,  well  mixed  so^  as  to 
redistribute  the  red  cells  evenly,  into  the  pipette  of  the  apparatus 
followed  by  6  ml.  of  the  reagent,  and  liberate  the  gases,  shakmg  until 
a  constant  volume  is  reached.  Place  a  little  mineral  oil  in  cup^C  and 
•T  ’  pyrogallol  solution  in  underneath  it.  Then  run  this 
mto  the  pipette  following  with  a  little  mercury  in  a  finrstreL  to 

n  aSXt""'  dioxide  and  oxygeTare 

wr,l  ^  proceeding  until  a  constant  volume  is  obtained 

caehon  monoxide  can  be  absorb:d^ttrwr"^tin:‘ the*  i^ 
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the  pipette  into  the  tube  F.  Wash  cup  C  with  a  little  distilled 
water,  and  from  it  draw  0-5  ml.  of  Winkler’s  reagent  into  the  pipette, 
and  absorb  the  carbon  monoxide.  This  occurs  quickly,  after  which 
the  volume  of  remaining  gas  should  be  read  immediately.  The 
difference  between  this  and  the  previous  reading  gives  the  volume 
of  carbon  monoxide  present  in  the  blood  used. 

If  necessary,  use  a  greater  volume  of  blood,  increasing  the  volume 
of  the  reagents  used  in  the  same  proportion. 

Calculation.  The  corrected  volume  of  gas  is  obtained  as  follows. 


Corrected  volume  = 


{Y,  -  V,)  (B  -  w) 
760  (1  -H  0-003670 


where  =  observed  volume  of  gas  (CO  +  Ng) 

Vg  =  observed  volume  of  gas  after  absorption  of  CO.  (Ng). 
R,  ic,  t,  are  as  before  (p.  387). 

If  absorption  of  carbon  monoxide  is  not  done,  the  volume  of  carbon 
monoxide  in  ml.  per  100  ml.  is  given  by 

Corrected  volume  x  —  1’36. 


HAEMOGLOBIN  AND  RELATED  CHROMOPROTEINS.  INTERPRETATION 

llcemoglohin  is  normally  confined  to  the  corpuscles  but  may  be 
present  free  in  the  plasma — hcemoglobiiKSTnia, — when  there  is  appre¬ 
ciable  intravascular  luemolysis.  This  occurs  in  the  severe  haemolytic 
anaemias,  for  example,  malaria  and  blackwater  fever  ;  in  septicaemia 
due  to  haemolytic  streptococcus  ;  as  a  result  of  transfusion  with 
incompatible  blood  ;  in  the  paroxysmal  haemoglobinurias,  whether 
due  to  cold,  severe  exercise  (march  haemoglobinuria),  or  nocturnal 
hemoglobinuria  ;  and  from  the  action  of  chemicals  such  as  the 

sulphonamides,  phenylhydrazine,  arsenic  drugs.  i  <  4.1 

It  would  seem  that  hemoglobin  appears  in  the  urine  wlien  the 

plasma  level  is  over  about  130  mg.  per  100  ml. 

Hemoglobin  liberated  in  the  plasma  is  partly  excreted  as 
hemoglobin  in  the  urine,  is  partly  converted  into  methemalbumm 
with  hematin  as  intermediary  and  subsequently  to  bilirubin. 

Fairley  (1941)  has  classified  the  hemolytic  anemias  into  thre 
groups  ^1.  Those  with  hemoglobinemia  and  hemoglobinuria, 
LtiLmalbuminiemia,  and  hyperbilirubinscmia  for 
and  other  severe  ha-molytic  aniem.as  given  above  2.  Those  vvdh 
methiemalbuniina:mia  and  l>yP«';‘»''™binffmia,  for  exaniple,  pe 
nicious  aniemia.  8.  Those  with  liyperbihrubinajmia  only,  lor 
example,  acholuric  jaundice,  in  which  the  hfemolysis  is 
intravascular. 

For  hemoglobin  in  the  urine  see  also  p.  85. 
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aniline,  acetanilide,  antipyrene,  phenacetin, 

sulphonamides.  Nitrites,  chlorates,  and  permangaiiates  inav  act 
similarly.  Some  cases  of  methaemoglobmaemia  have  been  thought 
be  due  to  absorption  of  toxins  or  of  nitrites  from  the  action  of  nitri  e- 
producing  bacteria  in  the  intestine,  the  so-called  enterogenous 
cyanosis.  A  congenital  methfemoglobimemia  has  been  reported 
resulting  in  cyanosis,  but  is  very  rare.  Methaemoglobm  may  be 
formed  from  luemoglobin  in  the  acute  haemolytic  anaemias  mentioned 
above  and  lead  to  a  methaemoglobinuria. 

An  amount  of  methaemoglobin  above  5  grams  per  100  ml.  ot 
blood  results  in  the  presence  of  a  cyanosis  visible  clinically. 

Sulphcemoglobin  is  much  less  commonly  seen  than  methaemoglobin 
in  the  blood.  It  arises  similarly  by  the  action  of  drugs  and  aniline 
derivatives.  For  example,  sulphaemoglobin  has  been  found  intracor- 
puscularly  in  patients  taking  sulphanilamide.  Sulphaemoglobin  is 
usually  intracorpuscular  but  is  said  to  be  liberated  into  the  plasma 
on  occasion,  under  which  circumstance  sulphaemoglobinuria  should 
occur,  but  this  does  not  appear  to  have  been  reported. 

Carboxyhcemoglobm  is  only  of  importance  in  suspected  carbon 
monoxide  poisoning.  Since  haemoglobin  has  a  much  greater  affinity 
for  carbon  monoxide  than  for  oxygen  (about  200  times  greater)  if 
air  is  breathed  containing  carbon  monoxide  in  one  two-hundredth  the 
concentration  of  oxygen,  equal  amounts  of  carboxy haemoglobin  and 
oxyhaemoglobin  will  be  formed,  that  is,  a  concentration  of  about 
0-1  per  cent,  of  carbon  monoxide  in  the  air  breathed  will  lead  to 
50  per  cent,  of  the  haemoglobin  being  present  as  carboxyhaemoglobin 
and  will  produce  marked  symptoms  within  about  an  hour.  With 
0-2  per  cent,  death  may  occur  within  a  few  hours. 

In  a  person  with  a  normal  blood  count,  symptoms  may  begin  to 
appear  when  there  is  about  20  per  cent,  saturation  of  the  haemoglobin 
with  carbon  monoxide.  There  may  be  a  feeling  of  lassitude  with 
some  headache.  Above  this  point,  symptoms  steadily  worsen,  the 
headaches  become  severer,  with  increasing  feeling  of  fatigue,  and 
muscular  weakness,  giddiness,  fainting,  and  shortness  of  breath 
which  are  very  marked  at  50  per  cent,  saturation.  Unconsciousness 


supervenes  between  50  and  70  per  cent.,  with  death  following  soon 
if  exposure  to  the  gas  continues.  Death  follov^s  quickly  when  80  per 
cent,  saturation  is  reached. 

Methcvmalbumin.  The  presence  of  this  pigment  in  serum  shows 
that  intravascular  haemolysis  has  occurred  (Fairley,  1941).  As  we 
have  seen,  when  haemoglobin  is  liberated  into  the  plasma,  haimatin 
is  formed  during  the  course  of  its  conversion  to  bilirubin,  and  links 
with  plasma  albumin  to  form  methaemalbumin.  On  the  other  hand, 
methaemalbumin  does  not  appear  to  be  formed  when  there  is  increased 
breakdown  of  haemoglobin  in  the  reticulo-endothelial  system.  Hence 
methaemalbumin  is  found  in  the  plasma  in  malaria  and  in  many  of 
the  acute  haemolytic  anaemias  in  which  the  haemolysis  is  intravascular 
and  m  pernicious  anaemia,  but  not  in  such  conditions  as  acholuric 
jaundice  in  which  the  haemolysis  is  non-vascular. 

Myohcemoglobin  is  found  in  the  urine  in  the  crush  syndrome.  In 
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accidents  when  muscles  are  crushed  this  pigment  is  liberated  and  is 
excreted  in  the  urine.  This  may  be  mistaken  for  hemoglobinuria. 
Red  blood  cells  are  not  present  but  the  urine  deposit  contains  casts 
which  are  stained  with  this  brown  pigment.  Whether  it  is  responsible 
for  the  tubular  damage  and  blockage  which  is  present  is  not  estab¬ 
lished.  It  is  not  surprising,  in  view  of  the  relatively  small  molecular 
weight,  that  myohsemoglobin  is  not  found  in  the  plasma.  It  is 
filtered  too  quickly  by  the  glomeruli. 

H^MATIN 

Haematin  is  haem  which  has  been  oxidized  and  so  contains  iron  in 
the  ferric  form.  It  is  a  dark  powder  which  does  not  dissolve  in  water, 
but  is  soluble  in  alkalies  to  form  alkaline  haematin  and  in  acids  to  give 
acid  haematin.  If  diluted  blood  is  acidified  with  hydrochloric  acid 
or  glacial  acetic  acid  and  the  mixture  extracted  with  ether,  an 
ethereal  extract  of  acid  haematin  is  obtained  The  spectra  of  acid 
and  alkaline  hicmatin  are  given  in  Fig.  68.  The  dark  colour  of  blood 
found  in  the  stomach  in  ulcer  cases  is  due  to  the  formation  of  acid 
haematin. 

There  were  a  number  of  reports  that  haematin  was  present  in  the 
serum  in  such  conditions  as  malaria,  and  pernicious  anaemia,  in 
which  it  is  now  recognized  that  methaemalbumin  is  present.  It 
seems  probable  that  haematin  does  not  occur  free  in  plasma  or  serum. 

PORPHYRINS 

When  iron  is  removed  from  the  haematin  type  of  compound  we 
come  to  the  group  of  substances  known  as  the  porphyrins.  These 
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are  derivatives  of  porphin,  built  up  of  4  pyrrole  rings  linked  by 
methene  (=  CH  — )  groups  as  shown.  The  positions  of  single  and 
double  linkages  in  the  formula  are  misleading  since  the  whole  molecule 
is  a  resonating  one  and  all  four  pyrroles  are  equal.  The  various 
porphvrins  differ  as  regards  the  groups  substituted  for  hydrogens  in 
the  fi-positions  of  the  pyrrole  nuclei,  that  is  in  the  positions  nu^mbered 
1  to  8  in  the  formula  given.  The  most  important  porphyrin  is 
protoporphyrin,  which  in  the  form  of  its  iron  complex  linked  with  the 
protein  globin  gives  haemoglobin,  and  with  other  proteins  forms 
myoglobin,  catalase,  cytochrome  and  other  respiratory  pigments. 
This  protoporphyrin  is  1,  3,  5,  8  tetramethyl,  2,  4  divmyl,  6,  7 
propionic  acid  porphin  as  will  be  seen  on  inspecting  the  formulae 
for  hsem  and  haematin  on  pp.  391-2.  There  are  fifteen  possible  isomers 
from  substituting  the  eight  groups  present  in  protoporphyrin  in  the 
positions  of  the  pyrrole  nuclei  of  porphin.  The  majority  were 
synthesized  by  Hans  Fischer  and  his  collaborators.  That  present 
in  haemoglobin  and  its  derivatives  was  found  to  be  protoporphyrin  9 
on  Fischer’s  list. 

If  4  methyl  and  4  ethyl  groups  are  substituted  there  are  four 
possible  isomers.  These  are  known  as  aetioporphyrins  of  series  I, 
II,  III,  and  IV,  of  which  only  compounds  of  series  I  and  III  are 
found  in  nature.  In  series  I,  the  aetioporphyrin  is  1,  3,  5,  7  methyl 
2,  4,  6,  8  ethyl  porphin  ;  in  series  III,  1,  3,  5,  8  methyl,  2,  4,  6,  7 
ethyl  porphin,  so  that  the  protoporphyrin  of  haemoglobin  belongs  to 
series  III.  Other  important  members  are  : 

coproporphyrins  .  4  methyl  groups  and  4  propionic  acid  groups, 

uroporphyrins  .  4  acetic  acid  groups  and  4  propionic  acid 

groups. 


The  substance  known  as  haematoporphyrin,  which  can  be  obtained 
by  adding  2  drops  of  blood  to  a  few  ml.  of  concentrated  sulphuric  acid 
and  mixing  well,  contains  4  methyl  groups,  2  propionic  acid  groups 
and  2  hydroxyethyl  groups  (CHOH.CH3).  It  does  not  occur  in 
nature  except  combined  in  cytochrome  C,  so  that  the  use  of  the  term 
haematoporphyrinuria  is  incorrect  and  the  term  porphyrinuria  or 
porphyria  should  be  used.  Examples  of  several  groups  of  porphyrin 
are  summarized  ; 


iEtioporphryin  . 
Mesoporphyrin  . 
Protoporphyrin . 
Deuteroporphyrin 
Coproporphyrin 
UroporphjTin  . 
Hjematoporphyrin 


C32H3gN4 

C34H34O4N4 

C30H30O4N4 

sett  38^  4^8 

4  0^13804^1  8 
t^34tt3804Ng 


4  CH3  4  C2H5 
4  CH3  2  C3H5 
4CH3  2CH=CH2 
4CH3  2H 
4CH3 

4  CHjCOOH 
4CH3  2CH(OH)CH 


2  CHjCHaCOOH. 
2CH2CH3COOH. 
2  CH2CH3COOH. 
4CH3CH3COOH. 
4CH3CH3COOH. 
2  CH2CH3COOH. 


Coproporphyrins  and  uroporphyrins  of  series  I  and  III  are  known 
physiologically.  Coproporphyrins  I  and  III  have  the  four  methyl 
groups,  uroporphyrins  I  and  III  the  four  acetic  acid  groups  in  the 
same  positions  as  the  four  methyl  groups  of  aetioporphyrins  I  and  III 
respectiyely.  Haemoglobin  and  related  substances  are  formed  from 
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protoporphyrin  9  which  belongs  to  the  type  III  series.  Compounds 
of  types  I  and  III  cannot  be  converted  into  each  other  without 
opening  up  the  ring  and  resynthesis.  It  is  held  at  present  that 
coproporphyrin  III  is  formed  in  the  course  of  ha?moglobin  synthesis. 
A  small  amount  of  coproporphyrin  I  is  possibly  formed  as  a  side 
product.  This,  probably  together  with  small  amounts  of  copro¬ 
porphyrin  III  which  have  not  been  utilized,  passes  into  the  blood 
and  is  excreted  by  the  liver  in  the  bile  and  by  the  kidneys  in  the  urine. 
Up  to  120  fjLg.  has  been  given  as  the  amount  excreted  daily  in  the 
urine  (Lemberg  and  Legge,  1949)  and  consists  of  a  mixture  of  copro¬ 
porphyrins  I  and  III  (20  to  40  per  cent,  of  type  III)  with  a  small 
amount  of  uroporphyrin.  Recently,  however,  evidence  has  been 
adduced  to  show  that  some  porphyrins  are  present  as  colourless 
non-fluorescing  chromogens  so  that  when  these  are  converted  into 
porphyrins  a  normal  daily  excretion  of  50  to  250  fxg.  (mean  175)  is 
found  (Watson,  1951).  In  the  faeces  150  to  400  jug.  are  excreted 
daily  (Lemberg  and  Legge).  This  is  derived  in  part  from  the  action 
of  bacteria  on  haematin  compounds  present  in  foods.  Copro¬ 
porphyrin  I  forms  the  greater  part  of  the  faecal  porphyrins.  Uro¬ 
porphyrin  is  not  found  in  normal  faeces.  Coproporphyrin  and  traces 
of  protoporphyrin  are  excreted  in  the  faeces  even  on  a  vegetarian 
diet.  The  anmunt  excreted,  however,  is  augmented  by  ingestion  of 
meat  or  blood.  An  earlier  view  that  deuteroporphyrin  only  appears 
in  faeces  after  ingestion  of  blood  or  following  gastro-intestinal  haemor¬ 
rhage  has  been  disproved,  as  it  is  also  excreted  in  the  bile,  and  cannot 
therefore  be  employed  to  detect  intestinal  bleeding. 


Increase  in  Porphyrin  Excretion 

The  conditions  in  which  an  increased  excretion  of  porphyrins  is 
found  can  be  divided  into  two  groups,  termed  :  (1)  porphyrinuria, 

(2)  the  porphyrias.  ••pi-  i 

Porphyrinuria.  An  increase  in  urinary  porphyrin  is  tound  in  several 

diseases  and  as  a  result  of  the  action  of  some  drugs  and  poisons. 
There  is  thus  a  small  increase  which  rarely  exceeds  1  mg.  daily  in 
liver  diseases  (mainly  coproporphyrin  III),  in  hsemolytic  amemias 
and  polycytha?mia,  and  in  fevers  (mainly  coproporphyrm  I). 

Determination  of  urine  jiurphyrins  is  useful  in  lead  poisoning 
(Kench,  Gillam  and  Lane,  1942)  and  as  an  additional  control  ot 
hazard  in  industry.  The  amount  excreted  m  lead  poisoning  may  rise 
to  5  to  10  mg.  a  day  and  appears  to  be  a  rough  guide  to  the  se\  en  \ 
of  the  condition.  It  was  formerly  thought  that  only  coproporph>  nn 
III  was  excreted  in  lead  poisoning,  but  Kench,  Lane,  and  Parley 
(1952)  have  shown  that  an  increased  amount  of  coproporphyrm  1  is 

"^^^Porphwias.  These  are  diseases  in  which  the  excretion  of  uropor- 
jihyrin  o^r  its  precursors  is  greatly  increased.  There  are  two  t>pes, 

congenital  and  acute  idiopathic.  i  o.  ..  recessive 

(a)  Congenital  porphyria,  which  is  inheritei  as  a 
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eoproporphvrin,  botJi  mainly  type  I,  deposition  of  uroporphyrin  in 
the  bones  and  light  sensitization  of  the  skin.  It  is  a  chronic  disease 
and  its  victims  often  live  to  late  middle  age.  It  is  often  associated 
with  increased  hiemolysis  of  red  cells.  The  total  amoun  of 
porphvrins  excreted  is  most  often  in  the  region  50  to  100  mg.  dail} 
but  tliere  have  been  cases  with  much  higher  figures. 

(b)  Acute  idiopathic  porphyria  presents  as  recurrent  nervous, 
neuromuscular  and  abdominal  attacks  and  is  inherited  as  a  Mendelian 
dominant.  The  disease  usually  begins  m  the  third  decade  ot  life 
and  is  rapidly  fatal  after  one  or  two  attacks  in  most  cases,  though  it 
can  be  milder  and  more  chronic.  The  condition  is  sometimes 
precipitated  by  certain  drugs,  for  example,  sulphonal.  In  early 
attacks  the  abdominal  signs  are  often  misdiagnosed  as  abdominal 
emergency  and  examination  of  the  urine  for  porphyrins  is  valuable 
in  any  case  which  presents  with  other  nervous  manifestations.  The 
daily  porphyrin  excretion  is  most  often  from  10  to  30  mg.  daily  and 
consists  mainly  of  urojDorphyrin  III  (of  Waldenstrom,  1935).  The 
presence  of  porphobilinogen  (see  p.  410)  is  diagnostic  of  this  condition. 


Tests  for  Porphyrins  in  Urine  and  Faeces 

Spectroscopic  Examination.  In  porjjhyrinuria  the  urine  does  not 
appear  red  in  colour  and  does  not  show  any  absorption  spectra. 
On  the  other  hand,  in  the  porphyrias  it  is  usually  dark  reddish- 
brown.  Examination  with  the  direct  vision  spectroscope  in  acute 
idiopathic  porphyria  shows  the  zinc-uroporphyrin  absorption  spec¬ 
trum  with  bands  at  577  and  541  millimicrons.  This  may  be  confused 
with  the  bands  of  oxy haemoglobin,  but  acidification  with  hydrochloric 
acid  to  10  ])er  cent,  (w/v)  splits  the  zinc  complex,  and  develops  the 
characteristic  acid  porphyrin  spectrum  with  bands  at  597  and  553 
millimicrons. 

Ultra-violet  Fluorescence.  The  porphyrins  excreted  in  congenital 
])orphyria  are  usually  free  so  that  examination  of  untreated  urine 
shows  a  red  lluorcscence  in  idtra-violet  light.  This  does  not  apply 
to  acute  idiopathic  porphyria  in  which  the  urine  contains  porphobilin 
and  will  no  longer  lluoresee.  In  porphyrinuria  the  amount  excreted 
is  so  small  that  fluorescence  cannot  be  seen  unless  the  porphyrin  is 
extracted  into  ether  and  so  concentrated.  A  suitable  source  of 
ultra-violet  light  is  a  100  watt  Mercra  lamp  (B.T.H.). 

Extraction  of  Porphyrins.  Ether-soluble  porphyrins,  which  include 
all  except  uro])orphyrins,  can  be  extracted  directly  from  urine  with 
ether  after  acidification,  or  from  faeces,  bile,  or  serum,  with  mixtures 
of  ether  and  acetic  acid.  Collect  twenty-four-hour  specimens  of 
urine,  preferably  for  three  to  four  days  since  there  are  wide  variations 
in  the  amount  of  porphyrins  excreted.  To  about  300  ml.  of  urine 
add  one-tenth  its  volume  of  glacial  acetic  acid  and  then  approximately 
100  ml.  of  ether.  Shake  in  a  stoppered  Pyrex  separating  funnel  for 
two  to  three  minutes.  Withdraw  the  lower  laver  and  again  extract 
witli  100  nil.  of  ether.  Pool  the  extracts,  wksh  three  times  with 
distilled  water  and  extract  the  porphyrin  repeatedly  with  5  per  cent, 
w/v  hydrochloric  acid,  that  is  until  no  more  red  fluorescence  can  be 
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seen  in  the  ether  layer.  Use  about  20  ml.  of  the  acid  for  the  first 
extraction,  then  follow  with  10  ml.  portions.  Neutralize  the  acid 
extract  to  Congo  red  with  saturated  sodium  acetate  solution,  and 
again  extract  the  porphyrins  twice  with  100  ml.  of  ether.  Wash  the 
ether  extract  with  water,  and  extract  the  coproporphyrin  into  0-25 
per  cent,  w/v  hydrochloric  acid  in  the  same  way  and  determine 
fluorimetrically.  For  details  of  the  construction  of  a  simple  fluore¬ 
scence  comparator  see  Rimington  (1943). 

The  following  points  must  be  borne  in  mind.  Use  Pvrex  glassware, 
glass  distilled  water,  and  peroxide-free  ether  throughout.  Keep  all 
porphyrin  solutions  out  of  the  light.  If  any  precipitate  forms  at  the 
interface,  redissolve  this  in  acetic  acid  and  carry  through  the  whole 
extraction  on  it.  Scrutinize  all  extractions  and  washings  under 
ultra-violet  light  to  check  that  washings  are  porphyrin  free.  It  is 
essential  in  the  analysis  of  faeces  and  bile  to  transfer  between  acid 
and  ether  in  order  to  remove  bile  pigments. 

After  removal  of  ether-soluble  porphyrins,  uroporphyrins  remain, 
and  can  be  concentrated  by  adsorption  on  to  calcium  phosphate,  and 
subsequent  elution  with  normal  hydrochloric  acid.  For  details  of 
the  technique  see  Sveinsson,  Rimington  and  Barnes,  1949. 


Porphobilinogen 

In  addition  to  uroporphyrin,  the  urine  of  acute  idiopathic  porphyria 
also  contains  a  dipyrrolic  substance,  porphobilinogen,  a  positive  test 
for  which  is  pathognomic  of  the  disease.  This  test  may  be  carried 
out  as  follows  (Watson  and  Schwartz,  1941). 

Mix  equal  volumes  of  urine  and  Ehrlich’s  reagent  (0-7  gram  of 
p-dimethylaminobenzaldehyde,  150  ml.  concentrated  hydrochloric 
acid,  and  100  ml.  distilled  water).  Allow  to  stand  for  three  minutes. 
To  this  add  saturated  aqueous  sodium  acetate  solution  (2  volumes) 
and  leave  three  minutes.  Add  a  few  ml.  of  chloroform  and  shake 
thoroughly.  Porphobilinogen  forms  a  red  aldehyde  compound, 
which  unlike  that  formed  by  urobilinogen,  is  insoluble  in  chloroform. 
So  any  red  colour  remaining  in  the  aqueous  phase  after  a  second 
extraction  with  chloroform,  constitutes  a  positive  test  for  porpho¬ 
bilinogen  and  is  indicative  of  acute  idiopathic  porphyria. 

Notes.  The  sodium  acetate  must  be  saturated  to  bring  the  urobili¬ 
nogen  completely  into  the  chloroform.  Furthermore,  stale  urines 
must  first  be  reduced  with  ferrous  sulphate  and  sodium  hydroxide 
under  liquid  paraffin,  as  described  under  urobilinogen  (p.  235). 


Chromatography  of  Porphyrins 

Recently  separation  of  porphyrins  has  been  achieved  by  use  of 
lutidine  in  single  strip  chromatograms.  Sec  Nicholas  and  Rimington 
(1949  1951 )  ;  Nicholas  (1951 ).  Chu  et  al  (1951 )  have  also  succeeded 
in  separating  many  of  the  porphyrin  methyl  esters.  1  his  latte 
method  involves  preliminary  metliylation. 
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CHAPTER  XXll 


VITAMINS 

Laboratory  methods  for  investigating  vitamin  deficieneies  have 
used  the  determination  of  the  vitamin  in  blood  and  urine,  either 
under  ordinary  conditions  or  after  test  doses  ;  the  determination  in 
blood  and  urine  of  metabolic  products  derived  from  the  vitamin,  or 
of  some  substance  in  blood  or  urine  the  concentration  of  which  is 
influenced  by  the  amount  of  the  vitamin  which  has  been  taken  in 
the  food.  Examples  of  all  these  will  be  given.  For  a  comprehensive 
survey  of  chemical  methods  for  studying  vitamin  deficiencies,  see 
Jones  (1951). 


VITAMIN  A  AND  CAROTENES 

Vitamin  A  is  obtained  from  foods  either  as  the  vitamin  itself  or 
from  the  jflant  pigments,  carotenes,  which  can  be  converted  into 
vitamin  A  by  the  liver.  Carotenes  which  can  be  used  m  this  way 
are  a,  jS,  y,  carotenes  and  cryptoxanthine.  The  formula  for  ^  itamin 

A  is 


CH-  CHj 

\  / 

C 

/  \ 

CH, 


CH3 


I 


C-  CH=-  CH-  C— CH-  CH  =  CH-C=CH- 


II 


CH, 

\  / 


Vitamin  A 


If  «...  write  tllis  as  X,  -  CHjOH  wliere  X,  represents  the  whole  of 
he  formula  to  the  left  of  the  dotted  line,  then  the  carotenes  can  be 

represented  by  the 

f ‘Te  otle^\hree  earre,^^^^  this  is  not  so,  though  the  differences 
i",eo^eUeally  it  should  be 

vitamin  A  "{“^pp^ears  that  only  one  molecule  of  vitamin  A 

“obtained  from  <>'’'=  are  important 

It  is  thus  -d-  sCb  b  tissues ‘though 

In  tiiTcTsf  oTtheXotenei  'tlL  is  true  only  so  long  as  the  liver  is 
able  to  convert  them  into  vitamin  A. 
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Determination  of  Vitamin  A  and  Carotenes  ‘"Serum  using  the  Carr 
Price  Reaction  (Kimble,  1938-39  ;  Kascr  and  Stekol,  1943) 

Proteins  are  precipitated  with  alcohol  and  the  vitamin  A  and 
carotenes  extracted  into  petroleum  ether.  The  intensity  of  the 
yellow  colour  due  to  the  carotenes  is  read  directly  in  the  colorimeter. 
The  petroleum  ether  is  evaporated  off,  and  the  residue  taken  up  in 
chloroform.  Carr  Price  reagent  is  added  and  the  amount  ot  blue 
colour  produced  is  read.  Since  carotenes  also  give  some  colour,  a 
correction  for  this  has  to  be  made  in  order  to  obtain  the  amount  ot 
colour  due  to  the  vitamin  A  present. 

Reagents.  1.  Absolute  alcohol. 

2.  Petroleum  ether,  b.p.  40°  to  60°  C. 

3.  A  cylinder  of  carbon  dioxide. 

4.  Chloroform. 

5.  Acetic  anhydride.  Use  good  quality  analytical  reagent. 

6.  Carr  Price  reagent.  This  is  a  25  per  cent,  solution  (w/v)  of 
antimony  trichloride  in  chloroform.  Keep  at  room  temperature  in 
a  tightly-stoppered  brown  bottle,  filtering  before  use  if  necessary. 

Technique.  Pipette  3  ml.  of  serum  or  plasma  into  a  stoppered 
25  ml.  measuring  cylinder  and  add  3  ml.  of  absolute  alcohol,  slowly 
drop  by  drop  with  shaking,  in  order  to  obtain  a  finely  divided  preci¬ 
pitate  of  protein.  Add  6  ml.  of  the  petroleum  ether  and  shake 
vigorously  for  ten  minutes.  Pour  the  emulsion  thus  produced  into 
a  centrifuge  tube,  cork,  and  spin  at  a  low  speed  for  about  one  minute. 
Pipette  off  as  much  as  possible  of  the  petroleum  ether  layer,  taking 
care  not  to  remove  any  of  the  watery  layer  with  it. 


Determination  of  the  Carotenes 

Place  the  petroleum  ether  extract  in  the  colorimeter  cup  and  read 
directly,  using  a  violet  filter,  or  transmission  at  440  millimicrons. 
Use  petroleum  ether  as  blank  or  to  set  the  instrument.  Prepare  a 
standard  curve  from  a  stock  solution  containing  50  mg.  jS-carotene 
per  100  ml.  of  petroleum  ether,  diluted  1  in  50  to  give  a  standard 
solution  for  use  containing  1  mg.  per  100  ml.  Use  this  to  set  up  a 
series  of  standards  as  follows  : 


Micrograms  carotenes  per  100  ml.  serum 

0 

50 

100 

200 

400 

COO 

Ml.  of  standard  solution  (1  mg.  per  100 
ml.)  ...... 

0 

0  25 

0-50 

10 

2  0 

3  0 

Ml.  petroleum  ether  .... 

10 

9-75 

9 -.50 

9  0 

80 

70 

The  concentration  of  carotenes  in  micrograms  per  100  ml.  of  serum 
is  read  directly  from  this  curve.  The  fact  that  2  nd.  of  petroleum 

ether  contain  the  carotenes  from  1  ml.  serum  has  been  taken  into 
account. 

Note.  Carotenes  do  not  keep  well  since  they  easily  oxidize.  They 
then  give  a  less  yellow  coloured  solution  in  the  petroleum  ether. 
Kven  freshly  bought  specimens  are  not  always  satisfactory.  The 
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author  has  found  the  carotenes  supplied  by  Roehe  Products  Ltd  to 
be  reliable. 

INTERPRETATION 

The  normal  range  may  be  taken  as  50  to  200  /xg.  per  100  mb, 
though  upper  limits  a  little  higher  have  been  given  and  Campbell 
and  Tonks  (1949)  give  a  lower  limit  of  20  ^g.  per  100  ml.  (see  Krebs 
and  Hume,  1949).  The  blood  level  is  greatly  influenced  by  the 
amount  of  carotenes  in  the  food.  They  almost  disappear  from  the 
blood  in  a  few  weeks  if  absent  from  the  diet.  On  the  other  hand  an 
increase  in  serum  carotenes  is  found  if  large  amounts  of  carotene-rich 
vegetables  are  consumed.  This  usually  means  large  quantities  of 
carrots.  Serum  carotenes  may  then  reach  and  exceed  500  /xg.  per 
100  ml.  This  condition,  carotincemia,  is  accompanied  by  a  yellow 
skin  pigmentation  and  has  already  been  referred  to  when  jaundice 
was  discussed  (see  p.  231).  Increased  values  for  serum  carotenes 
have  been  reported  in  myxoedema,  diabetes  mellitus,  and  chronic 
nephritis. 


Determination  of  Vitamin  A 

Measure  4  ml.  of  the  petroleum  ether  solution,  prepared  as  above, 
into  one  of  the  colorimeter  tubes  and  evaporate  off  the  solvent  by 
placing  in  a  water  bath  at  40°  to  50°  C.  preferably  passing  a  stream 
of  dry  carbon  dioxide  through  the  tube  during  the  evaporation. 
Dissolve  the  residue  in  0*5  ml.  of  chloroform  and  add  a  drop  of  acetic 
anhydride  to  remove  traces  of  water  which  might  cause  cloudiness 
when  the  Carr  Price  reagent  is  added.  With  the  colorimeter  adjusted  to 
chloroform,  or  with  chloroform  as  blank,  using  an  orange  filter  or  trans¬ 
mission  at  620  millimicrons,  and  with  the  tube  in  position,  add  quickly 
3  ml.  of  Carr  Price  reagent  from  a  pipette  with  a  wide  tip.  The 
colour  develops  rapidly  reaching  a  clearly  defined  maximum  in  five 
to  fifteen  seconds,  and  then  fades  quickly.  Note  this  maximum 
reading  of  the  colorimeter.  A  rather  more  stable  colour  is  obtained 
if  the  Carr  Price  reagent  is  cooled  to  between  0°  and  5°  C.  before  use. 

It  is  important  that  the  glassware  used  should  be  perfectly  dry. 
This  also  applies  to  the  chloroform  and  the  Carr  Price  reagent. 
When  small  amounts  of  water  are  present  it  may  be  impossible  to 
read  the  colour.  If  any  cloudiness  develops  the  test  must  be  repeated . 

A  correction  has  to  be  made  for  the  colour  given  by  the  carotenes 
present  Prepare  two  standard  curves  for  the  colorimeter,  one  of 
standard  amounts  of  vitamin  A  allowed  to  react  with  Carr  Price 
reagent,  the  other  of  standard  amounts  of  carotenes  similarly  treated. 
Then  when  the  serum  carotene  level  has  been  determined,  the 
amount  of  colour  due  to  this  is  read  from  the  carotene  curve  and 
subtracted  from  the  actual  reading  of  the  colorimeter.  Ihe  colori¬ 
meter  reading  due  to  the  vitamin  A  is  thus  obtained  and  the  serum 
vitamin  A  can  be  read  from  the  vitamin  A  standard  curve  lliis 
applies  so  long  as  4  ml.  of  the  petroleum  ether  extract  is  take"  for 
the  vitamin  A  determination.  If  a  smaller  volume  has  to  be  used, 
multiply  the  colorimeter  reading  by  4  divided  by  the  volume  of 

extract  used. 
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(a)  Vitamin  A  standard  curve.  Prepare  a  solution  containing 
400  ixg.  vitamin  A  per  100  ml.  of  ehloroform  and  set  up  a  senes  ot 

tubes: 


Micrograms  vitamin  A  per  100  ml.  serum 
MI.  solution  of  vitamin  A  (400  /xg.  per 
100  ml.)  .  .  .  •  • 

Ml.  chloroform  .  .  •  •  •  ,  ,  -i,  j 

Add  3  ml.  Carr  Price  reagent  and  read  as  described. 


0 

10 

20 

40 

60 

80 

100 

0 

005 

0  1 

0  2 

0-3 

0-4 

0-5 

0  5 

0-45 

0-4 

0-3 

0-2 

01 

0 

(6)  Correetion  eurve  for  Pie  carotenes  present.  Dilute  1  ml.  of  the 
standard  solution  of  earotene  containing  50  mg.  per  100  ml.  chloro¬ 
form,  to  25  ml.  with  chloroform,  thus  obtaining  a  solution  containing 
2  mg.  per  100  ml.  Set  up  a  series  of  tubes 


Mierograms  carotene  per  100  ml.  serum.  0  100  200  300  400 

Ml.  carotene  solution  (2  mg.  per  100  ml.) .  0  0  1  0-2  0-3  0-4 

Ml.  chloroform  .....  0-5  0-4  0-3  0-2  0  1 

Add  3  ml.  Carr  Price  reagent  and  read  as  described. 


500 
0  5 
0 


Other  Method.  Sobel  and  Snow  (1947)  used  the  colour  given  with 
activated  glycerol  dichlorhydrin.  This  colour  is  more  stable  than 
that  given  by  the  Carr  Price  reagent  and  traces  of  water  present  do 
not  interfere. 


INTERPRETATION 

The  normal  serum  vitamin  A  has  been  given  as 

19  to  36  ^xg.  per  100  ml.  (Krebs,  1950  ;  Krebs  and  Hume,  1949). 
21  to  45  /Lig.  per  100  ml.  (Sinclair,  1947). 

21  to  48  /Ltg.  per  100  ml.  (Campbell  and  Tonks,  1949). 

22  to  47  /ig.  per  100  ml.  (Yudkin,  1941). 


All  these  ranges  were  obtained  in  England.  Higher  figures  have 
been  given.  Thus 

33  to  63  /xg.  per  100  ml.  (Haig  and  Patek,  1942,  in  the  U.S.A.). 

30  to  90  /xg.  per  100  ml.  (Lindquist,  1938,  in  Scandinavia), 

It  may  be  assumed  that  there  is  no  deficiency  when  the  serum 
level  is  abov'^e  20  /xg.  per  100  ml.  When  the  coneentration  falls 
below  about  10  /xg.  per  100  ml.  dark  adaptation  begins  to  be  impaired. 
The  absorption  of  vitamin  A  from  the  intestine  is  defective  when 
there  is  diminished  fat  absorption,  and  there  is  also  increased  loss  in 
the  faeces  when  liquid  paraffin  is  being  taken.  Reduced  blood  levels 
may  be  found  m  liver  disease  when  there  is  impaired  formation  of 
vitamin  A  from  carotenes.  The  capacity  to  store  vitamin  A  mav 
also  be  anected  in  hv^er  disease. 

Vitamin  A  tolerance  tests  have  been  used  to  studv  vitamin  \ 
absorption  111  steatorrhoea.  A  large  dose  of  the  vitamin  is  given  and 
the  rise  m  the  serum  level  sUidicd.  Thus  Sinclair  (1947)  determines 
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serum  vitamin  A  fasting,  and  four  and  seven  hours  after  giving 
10,000  I.U.  of  tlie  vitamin  per  kilogram  of  body  weight.  Barnes, 

ollaeger  and  iMason  (1950),  give  (50, 000  I.U,  daily  for  four  days 
before  the  test,  and  then  for  the  test,  7,500  I.U.  per  kilogram,  and 
determine  the  serum  level  at  0,  2,  4,  6,  9,  and  24  hours.  In  normal 
jiatients  a  maximum  of  2,000  to  3,000  I.U.  per  100  ml.  is  reached  in 
about  four  hours,  after  which  it  falls  steadily.  Absorption  is  impaired 
in  steatorrhaa  so  that  a  much  smaller  rise  is  found.  Kagan,  Thomas, 
Jordan  and  Abt  (1950)  in  studies  on  children  with  nephrosis  used  6,000 
I.Lk  per  lb.  of  body  weight  and  determined  serum  vitamin  A  at  0,  3,  6, 
and  24  hours. 

Note.  One  International  Unit  (I.U.)  of  vitamin  is  defined  as  having 
the  activity  of  0-6  jug.  of  pure  j3-carotcne.  In  the  above  figures  it 
has  been  assumed  that  vitamin  A  has  twice  the  activity  of  jS-carotene 
so  that  1  I.L^.  corresponds  to  0-3  /ng.  of  the  vitamin. 


VITAMIN  Bi,  ANEURIN,  THIAMINE 

As  regards  biochemical  laboratory  methods  two  main  apjiroaches 
have  been  made  to  the  problem  of  detecting  a  deficiency  of  yitamin 
B^,  the  estimation  of  pyruvic  acid  in  blood  and  of  the  vitamin  itself 
in  urine.  There  is  only  a  small  amount  of  thiamine  in  blood  and  a 
siniiile  method  for  its  estimation  in  routine  work  is  not  yet  available. 
Ericdcmann  and  Kmiccack  (1943)  have  used  a  thiochrome  method. 
Microbiological  methods  have  been  employed,  using  the  fungus 
Phvcomyces  blakesleeanus,  which  requires  thiamine  for  its  growth 
(see  Meikleiolm,  1937  ;  and  Sinclair,  1938,  1939),  and  a  Lactobacillus 
fermenti  (Sarett  and  Cheldelin,  1944;  (:heldelin,  Bennett  and 
Kornberg,  1946). 


Determination  of  Blood  Pyruvic  Acid 

Tlie  estimation  is  based  on  the  formation  of  ^  * 
nlienvllivdrazonc,  whicli  reacts  witli  strong  alka  i  to  forni  a  r«k  ish 
impound  wliich  can  be  estimated  colorimctrically.  Similar  hvdr^ 

XVma;  be^  pSTby  extf  L  with 

sodium  carbonate.  raloaectTe'and 

;:,^.d  kctogl  itarickeid  behave  snmh^^^ 

were  introduced  by  Bueding  and  ““)Veae  wi  h  he  'i-i 

after  the  protein  filtrate  had  '-y/'  “I  ethyl 

dinitro|)hcnylhydrazinc,  three  ‘yj*  extracted  three  times  into 

acetate  ‘  ‘"'.^l^inmurlnd  Haugen  (19«) 

;.:vr:ini;iifier;he  procedure  eousiderably  and  their  teehiu.p.e  is 
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Method  of  Friedemann  and  Haugen 

Reagents.  1.  Sodium  iodoacetate,  27  per  cent.  (25  per  cent, 
iodoaeetic  acid).  Adjust  a  50  per  cent,  solution  of  iodoacetic  acid 
in  water  to  a  pH  of  7-8  with  sodium  hydroxide  and  dilute  to  25  per 
cent,  concentration  of  iodoacetic  acid  (see  note  3). 

2.  Trichloracetic  acid,  10  per  cent,  (w/v)  solution.  Prepare  at 
frequent  intervals  and  keep  in  the  refrigerator  when  not  in  use.  If 
allowed  to  stand  at  room  temperature  increased  blanks  may  be 
obtained.  A  10  per  cent,  metaphosphoric  acid  solution  freshly 
prepared  weekly  can  be  used  and  has  some  advantages,  but  meta¬ 
phosphoric  acid  is  not  as  convenient  a  substance  to  use  as 
trichloracetic  acid. 

3.  2-4-dinitrophenylhydrazine.  Grind  100  mg.  in  a  mortar  with 
increasing  small  volumes  of  approximately  2  N  hydrochloric  acid 
until  100  ml.  have  been  added.  Filter  and  keep  in  the  refrigerator 
when  not  in  use. 

4.  Toluene,  xylene  or  benzene.  Under  the  conditions  of  the  test 
these  are  more  specific  for  pyruvic  acid  than  ethyl  acetate  or  ethyl 
ether,  which  give  more  nearly  total  keto-acids. 

5.  Sodium  carbonate,  10  per  cent,  solution.  Filter  if  not  clear. 
Keep  either  in  paraffin-lined  bottles  or  in  Pyrex  vessels. 

6.  Approximately  1-5  N  and  2-5  N  solutions  of  sodium  hydroxide. 
Keep  in  the  same  way  as  the  carbonate. 

7.  Stock  standard  solution  of  pyruvic  acid.  Prepare  100  ml.  of 
solution  containing  100  mg.  pyruvic  acid,  adding  sulphuric  acid  to 
make  the  final  solution  N/IO,  Use  either  pyruvic  acid  freshly 
distilled  at  16  mm.  Hg,  or  lithium  pyruvate  (see  Wendel,  1931-32). 
This  solution  is  said  to  keep  for  several  months  in  the  refrigerator. 

Technique.  W  ithdraw  the  blood  using  a  minimum  amount  of 
stasis,  removing  the  tourniquet  immediately  after  inserting  the  needle 
in  the  vein.  The  patient  should  not  open  and  clench  the  hand  Do 
not  use  warm  syringes.  Use  a  2  ml.  or  5  ml.  syringe,  with  a  21  sauge 
hypodermic  needle,  and  eject  the  blood  in  a  fine  stream  into  five 
times  its  volume  of  a  cold  solution  of  trichloracetic  acid  placed  in  a 
cork-stoppered  15  or  50  ml.  centrifuge  tube.  Stopper  the  tube 
shake,  and  centrifuge.  Keep  in  the  refrigerator  until  ready  to 

fn  1  ^  to  keep  two  Lys 

iron  I.'m  of  pyruvic  acid.  If  patients  arc  sufferiL 

from  ketosis,  a  low  the  precipitated  specimen  to  stand  in  the  refrh 

t”is“S“to  blTmat  ““  '‘™'-  I"  -'y 

it  cmi'’he'’kent  T'’°‘  i'’''  Straight  into  tlie  trichloracetic  acid 

1  oe  kept  for  a  short  time,  up  to  thirtv  minutes  bv  means  of 

"  Pll”  f ?o‘'irnil'’^of‘hr  bel^:' 

coagulant  and  (1-1  nil  of  •*7  per  cm  t  "Irndh  anti- 

proceed  as  above,  '  'o<loacetatc.  Then 

eenS^lig.  iPio  “aVx  itch  ts”  iS^Wat  the  Intnut 
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tube  for  ten  minutes  in  a  water  bath  at  approximately  25°  C.  Add 
1  ml.  of  dinitrophenylhydrazine  reagent  and  allow  to  react  at  25°  C  for 
exactly  live  minutes.  For  pyruvic  acid  add  3  ml.  of  solvent,  xylene, 
toluene,  or  benzene,  and  pass  a  rapid  stream  of  nitrogen  (or  air) 
through  for  two  minutes.  Remove  most  of  the  lower  aqueous  layer 
by  means  of  the  capillary  pipette  through  which  the  gas  has  passed. 
Rotate  the  tube  to  dislodge  solution  adhering  to  the  walls  and  ^ 
remove  any  remaining  solution.  Add  exactly  6  ml.  of  10  per  cent, 
sodium  carbonate  to  the  extract  and  again  pass  a  rapid  current  of 
gas  for  two  minutes.  Remove  the  capillary  and  allow  the  two  layers 
to  separate.  Insert  a  5  ml.  pipette  quickly  through  the  upper  layer, 
blow  a  small  amount  of  air  through  to  clear  the  solvent,  and  pipette 
olT  5  ml.  of  the  carbonate  extract,  wiping  the  tip  of  the  pipette  free 
from  any  solvent  before  adjusting  to  the  mark.  Add  5  ml.  of  1-5  N 
sodium  hydroxide  and  mix.  Read  in  the  j)hotoelectric  colori¬ 
meter  fiv'e  to  ten  minutes  after  adding  the  alkali. 

Carry  out  in  the  same  way  a  reagent  blank,  and  prepare  a  standard 
curve  using  a  pyruvic  acid  solution  obtained  by  diluting  the  stock 
standard  5  ml.  to  100  ml. 


Mg.  pyruvic  acid  per  100  ml.  blood  .  0  0-5  1  0  1-5  2  0  2-5  3  0 

Ml.  pyruvic  acid  standard  (1  ml. =0  05  mg.)  0  0-5  1  0  1-5  2  0  2  5  3  0 

Ml.  distilled  water  .  .  •  .5  0  4  5  4  0  3-5  3  0  2  a  2  0 

Dilute  1  volume  of  each  with  5  volumes  of  acid,  take  3  ml.  and  proceed  as 

described  above. 


Use  a  green  filter,  transmission  at  520  millimicrons. 

Notes.  1 .  Fricdemann  and  Haugen  also  used  extraction  with 
8  ml.  of  "ethyl  acetate  and  state  that  this  is  useful  for  the  determination 
of  total  keto-acids  since  almost  all  the  a-ketoglutaric  and  oxalo¬ 
acetic  acids  are  extracted.  Using  toluene,  xylene  or  benzene,  only 
10  per  cent,  of  the  a-ketoglutaric  acid  and  5  per  cent,  of  the  oxalo- 
LeL  acid  arc  included.  liy  the  use  of  different  fdters  the  anthers 
get  approximate  values  for  the  concentration  of  each  of  these  keto- 

?*The  method  can  be  applied  to  urine.  Collect  a  twenty-four-hour 
specimen  in  a  large  cold  bottle  containing  5  ml.  of  20  N 
acid  If  a  single  specimen  is  taken  add  0-5  ml.  per  100  m^ 

UP  o  tuxnty  fm.r  hours  in  the  refrigerator  is  satisfaetoo;.  Add  2  .« h 

S:'i=r  with’-a  n.f:™rth‘:  nr.;:  r-T:::;. 

;'hirt“;;uinnJes  rllrer^^Tithlhe  latter  only  son.c  2.5  ,.er  eent.  Later, 


\’IT  AMINS 


419 


in  a  matter  of  days,  the  pyruvic  acid  rises  to  a  concentration  several 
times  greater  than  that  originally  present.  Long  supposes  that  in 
the  first  case  pyruvate  reacts  with  triosephosphate  to  give  lactate  and 
phosphoglycerate,  whilst  in  the  second  pyruvate  is  formed  from 
phosphoglycerate.  Oxalate  and  fluoride  inhibit  the  latter  but  not 
the  former,  citrate  neither,  so  that  the  two  reactions  partly  counteract 
each  other.  lodoacetate  prevents  the  conversion  of  pyruvate  to 
lactate.  Bueding  and  Wortis  found  that  a  small  increase  in  pyruvate, 
from  3  to  20  per  cent.,  occurred  within  thirty  minutes  when  iodacetate 
was  used. 

Long  showed  that  pyruvate  could  be  completely  stabilized  by 
haemolysing  the  blood  with  cetavlon  (cetyl  trimethyl  ammonium 
bromide)  and  preserving  with  sodium  fluoride  at  a  pH  of  4.  His 
method  is  as  follows  :  dissolve  168  mg.  of  citric  acid  monohydrate 
in  about  0-5  ml.  of  distilled  water  and  add  40  per  cent,  sodium 
hydroxide  until  a  pH  of  4  is  reached.  Pipette  half  of  this  citrate 
buffer  into  a  test  tube,  evaporate  to  dryness  in  vacuo  on  a  boiling 
water  bath.  Add  21  mg.  of  sodium  fluoride  and  20  mg.  of  cetavlon 
(75  per  cent.).  Stopper  with  a  white  rubber  bung.  There  is  no  deter¬ 
ioration  in  the  contents  for  several  weeks.  Long  (1946)  showed  that 
this  also  prevents  any  change  in  the  lactic  acid  content  of  the  blood. 


INTERPRETATION 

The  normal  range  for  blood  pyruvic  acid  is  from  0-5  to  l-O  mg.  per 
100  ml.  In  marked  deficiency  of  vitamin  values  up  to  2  to  3  mg. 
per  100  ml.  are  found.  This  increase  is  due  to  the  fact  that  thiamine, 
phosphorylated  as  cocarboxylase,  forms  the  prosthetic  group  of 
carboxylase,  which  catalyses  the  decarboxylation  of  pyruvic  acid  to 
acetaldehyde  and  carbon  dioxide.  Increases  in  pyruvic  acid  have 
also  been  reported  in  diabetes  mellitus  (see  p.  81),  in  congestive 
heart  failure,  in  diarrhoea  and  other  digestive  disturbances,  and  in  some 
acute  infections. 


Bueding,  Stein  and  Wortis  (1941)  suggested  using  the  increase 
in  blood  pyruvic  acid  which  results  from  taking  glucose.  Such  an 
mcrease  is  found  in  normal  persons,  but  reaches  a  maximum  in  an 
hour  and  the  blood  pyruvic  acid  returns  to  normal  limits  within 
three  houp.  In  thiamine  deficiency  a  greater  increase  occurs  and 
a  longer  time  is  required  for  the  return  to  normal.  This  test  is  said 
to  show  aimormal  results  before  the  fasting  blood  pyruvic  acid  is 
increased.  W  ilhams  et  al.  ( 1943)'gave  0-4  mg.  of  glucose  per  kilogram 
of  body  weight,  intravenously  as  a  50  per  cent,  solution.  Alter- 
D  sn  ^  the  glucose  by  mouth  as  in  the  Exton  Rose  test 

and  hi’lf  ^or  determination  of  pyruvie  acid  was  taken  fasting, 

be  dven  asTi’  glueose.  The  glueose  can 

^  glucose  toleranee  test,  p.  45,  that  is  50  irrMms  in  « 

cupfu  of  water  with  the  patient  fastin/  The  rle  h,  ic  lei,! 

lorml  a''?'*.  about '/-i  mg.  per 

JeficTenej  "  favour  of  a 
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PRACTICAL  CLINICAL  RIOCHEMISTRV 


Determination  of  Lactic  Acid.  Method  of  Barker  and  Suniiuerson 
(1941) 

It  will  be  convenient  to  include  this  whilst  pyruvic  acid  is  being 
discussed,  in  view  of  their  close  connection.  In  the  method  given, 
protein-free  filtrate  is  treated  with  copper  sulphate  and  solid  calcium 
hydroxide  to  remove  glucose.  A  portion  of  the  filtrate  from  this 
process  is  treated  with  sulphuric  acid  to  convert  the  lactic  acid  into 
acetaldehyde,  the  amount  of  which  is  measured  by  means  of  the 
colour  given  by  p-hydroxydiphenyl. 

Reagents.  1.  Copper  sulphate,  20  per  cent,  solution  of  CUSO4, 
5H2O. 

2.  Copper  sulphate,  4  per  cent,  solution. 

3.  Powdered  calcium  hydroxide. 

4.  Concentrated  sulphuric  acid. 

5.  /)-hydroxyphenol,  1‘5  per  cent,  in  0-5  per  cent,  sodium  hydroxide. 

6.  Standard  solution  of  zinc  or  lithium  lactate.  Dissolve  0-213 
gram  of  pure  dry  lithium  lactate  in  about  100  ml.  of  water,  add 
1  ml.  of  concentrated  sulphuric  acid  and  make  up  to  a  litre  with 
water.  Dilute  1  in  20  to  obtain  a  standard  containing  10  /i,g.  per  ml. 

Technique.  Change  in  lactic  acid  content  of  the  blood  can  be 
prevented  by  the  method  of  Long  used  for  pyruvic  acid.  Remove 
protein  from  the  blood  by  any  of  the  methods  in  common  use,  for 
example,  trichloracetic  acid,  tungstic  acid,  zinc  hydroxide.  Take  a 
volume  of  protein-free  filtrate  containing  between  20  and  100  ^g. 
of  lactic  acid.  In  the  case  of  most  patients  this  requires  a  volume 
equivalent  to  about  0-2  ml.  of  blood.  Add  this  to  1  ml.  of  20  per 
cent,  copper  sulphate  solution  and  make  up  to  10  ml.  with  water. 
Add  about  1  gram  of  powdered  calcium  hydroxide  and  shake 
vigorously.  Stand  at  room  temperature  for  at  least  half  an  hour, 
shaking  occasionally,  and  then  centrifuge.  Pipette  1  ml.  of  super¬ 
natant  fluid  into  a  test  tube  18  to  23  mm.  internal  diameter  taking 
care  not  to  include  any  solid  material  which  may  be  present  in  the 
surface  film.  Add  0-05  ml.  of  4  per  cent,  copper  sulphate  solution 
and  run  in  exactly  6  ml.  of  concentrated  sulphurie  acid  from  a 
burette  mixing  well  while  doing  so.  Then  place  the  tube  uprig  1 
in  a  toiling  witer  bath  for  five  minutes.  Remove,  eoo  to  below 
20”  C.  in  cold  water,  and  add  exactly  0-1  ml.  of  the 
nhenvl  Disperse  the  precipitated  reagent  quickly  through  the 
solutfon  and  place  the  tube  in  a  bath  at  30°  C.  for  thirty  minutes, 
rcdisnersiiiff  the  precipitated  reagent  at  least  once  during  this  tim  . 
daS  in  a  bo  iTng  wafer  bath  fo?  ninety  seconds,  coo  to  room  tem- 
pemtnrf,  and  rcfd  in  the  photoelectric  eotornneter  noth  trans,— 

at  500  millimicrons,  or  using  a  yello^\-g^ee  •  P  stamfard 

“'caZTaUon  Zncciml.  of  standard  contains  50  pg.  (0  05  mgd, 
blood, 
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Mg.  lactic  acid  per  100  ml.  blood 

Reading  of  unknown  ^  ^  1^0 

"  Reading  of  standard  ^  ^  0-02 

_  Reading  of  unknown  ^ 

~  Reading  of  standard 

Note.  Long  (1946)  has  published  a  method  for  determining 
lactic  acid  in  which,  after  removing  proteins  by  means  of  trichlor¬ 
acetic  acid,  the  lactic  acid  is  oxidized  by  ceric  sulphate  to  acetalde¬ 
hyde.  This  is  absorbed  in  sodium  bisulphite  and  subsequently 
titrated  with  iodine. 

INTERPRETATION 

The  normal  resting  range  for  blood  lactic  acid  is  6-18  mg.  per 
100  ml.  Exercise  causes  a  considerable  increase.  Since  the  liver 
converts  lactic  acid  to  glycogen  there  is  an  increase  in  liver  disease, 
but  this  only  becomes  appreciable  when  there  is  marked  failure  of 
liver  function.  Stotz  and  Bessey  (1942)  have  studied  the  ratio  of 
pyruvic  acid  to  lactic  acid.  In  normal  persons  this  remains  relatively 
constant  with  varying  levels  of  lactic  acid,  but  is  increased  when 
there  is  a  deficiency  in  vitamin  B. 


Determination  of  Thiamine  in  Urine  by  the  Thiochrome  Reaction. 

Method  of  Johnson  et  al.  (1945). 

Thiamine  is  converted  to  thiochrome  by  the  action  of  potassium 
ferricyanide  and  the  degree  of  .fluorescence  in  isobutyl  alcohol  is 
measured. 

Reagents.  1.  Activated  Decalso  or  Permutit.  There  is  consider¬ 
able  variation  between  different  samples.  A  product  is  required 
which  will  adsorb  thiamine  well  and  settle  out  rapidly.  When  about 
200  mg.  are  shaken  with  water  in  a  10  ml.  measuring  cylinder  all  the 
particles  should  settle  rapidly  to  the  bottom  in  not  more  than  two 
minutes.  To  obtain  a  suitable  product,  suspend  material  which  will 
pass  a  100-mesh  sieve,  in  1  per  cent,  acetic  acid  in  distilled  water  in 
large  cylinders.  Separate  the  granules  which  settle  down  to  the  bottom 
in  two  minutes  from  the  lighter  particles,  by  decanting.  Boil 
these  three  times  with  1  per  cent,  acetic  acid  with  settling  and  decant- 
mg  between  fresh  additions  of  acetic  acid.  Wash  the  product  with 
distilled  water  and  dry  at  110°  C.  If  addition  of  potLsium  ferri¬ 
cyanide  results  m  the  formation  of  Prussian  blue,  wash  the  product 
m  a  warm,  fairly  strong,  solution  of  hydrochloric  acid.  Carrv  out 
test  runs  with  synthetic  thiamine.  Unsatisfactory  products  can  be 
reactivated  by  the  method  of  Najjar  and  Wood,  1940.  The  activity 
of  a  satisfactory  product  remains  constant  for  months  if  it  is  kept  drv 
Approximately  25  per  cent,  potassium  chloride  solution  ^ 

6.  bodium  hydroxide,  15  per  cent,  solution. 

dafly.^''^^""‘“”'  ferricyanide,  0-25  per  cent,  solution,  prepared  fresh 

5.  Isobutyl  alcohol  or  n-butvl  alcohol  Thic  •  i 

no  blank.  Test  each  new  batei,  before  me.  If  desifed 
use  and  recover  by  redistillation.  ‘  collect  after 
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6.  Dilute  acetic  acid,  approximately  1  per  cent,  v/v  in  distilled 
water. 

Technique.  Collect  urine  in  glass  vessels  and  store  in  amber 
bottles,  adding  100  mg.  of  oxalic  acid  for  every  25  ml.  of  urine. 
Measure  2  ml.  of  urine  (0-5  ml.  if  the  result  is  likely  to  be  high)  into 
a  glass-stoppered  test  tube,  or  small  measuring  cylinder,  and  add 
about  200  mg.  of  the  activated  Decalso  or  Permutit  and  mix  with 
ten  rapid  shakes.  The  adsorption  is  not  critically  affected  by  the 
acidity  so  long  as  the  is  between  3  and  6  which  is  assured  by  use 
of  the  oxalic  acid.  Now  add  about  8  ml.  of  the  dilute  acetic  acid, 
close  the  tube  with  a  clean  finger  and  mix  by  inversion  ten  times. 
Stand  for  a  short  time  and  remove  the  supernatant  fluid.  Add 
8  ml.  of  acid  and  repeat  the  process  of  standing,  inversion  and 
removal  of  supernatant  fluid.  This  washing  is  important  since  if  it 
is  not  effective  the  final  fluorescence  has  a  silvery-blue  admixture 
to  the  true  thiochrome  mauve,  thus  giving  unsatisfactory  readings. 
The  thiamine  is  firnily  adsorbed  so  that  repeated  washings  only 
remove  interfering  substances.  If  any  trouble  is  experienced  in  this 
connection,  further  washings  are  made. 

Add  0-5  ml.  of  potassium  chloride  solution  and  shake  gently,  taking 
care  to  avoid  splashing  the  solid  far  up  the  side.  Elution  is  complete 
within  thirty  seconds.  Add  OT  ml.  of  0-25  per  cent,  potassium 
ferricyanide  and  0-25  ml.  of  15  per  cent,  sodium  hydroxide,  shaking 
gently  after  each  addition.  Add  2  ml.  of  isobutyl  alcohol,  insert  the 
stoj)pcr,  and  shake  vigorously  for  abouc  a  minute  (twenty-five  shakes 
up  and  down).  Stand  to  allow  separation  of  the  two  phases,  or 
centrifuge  for  a  short  time.  Transfer  1  ml.  of  the  supernatant  fluid 
to  a  small  test  tube  and  match  the  colour  in  a  visual  comparator,  m 
ultra-violet  light,  with  standards  prepared  from  solutions  of  thiamine 

hvdroehloride  treated  in  the  same  way. 

*A  convenient  range  covers  0  to  100  /xg.  per  100  ml.  Prepare  a 
solution  of  40  mg.  thiamine  hydrochloride  in  100  ml.  of  water  and 
dilute  5  ml.  to  100  ml.,  adding  400  mg.  oxalic  acid,  to  obtain  a 
solution  containing  200  p.g.  per  100  ml.  Suitable  standards  are 
0,  10,  25,  50,  75,  100,  /xg.  per  100  ml. 


INTERPKETATION  .  . 

The  excretion  of  thiamine  is  greatly  affected  by  ^ 

amount  taken  in  the  diet.  Further  variations  result  from  different 
methods  used  in  its  estimation.  Daily  excretion  would  appear  to 
range  from  50  to  500  fig.,  but  while  some  workers  have  reported  even 
foweriigures  an  excretion  of  under  90  fig.  has  been  regarded  as 
evicleniof  a  deficient  intake  (Melnick,  1942).  The 
Mirvcv  nsed  below  5  per  100  ml.  as  abnormal  and  below  2  pg. 

'^1^^:Ii:bIe“n“'l-•been  held  to  be  given  by  studying 
tl.;  amount  excreted  after  a  test  dose.  Several  vanan  s  have  been 
used.  Melnick  and  Field  (1942)  injected  Voted 

based  on  0-85  mg.  per  .square  metre  '  At  least 

urine  for  the  four-hour  period  following  the  injectio  . 
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50  ug.  (about  8  per  cent,  of  the  test  dose)  should  be  excreted  in  that 
time  Najiar  and  Holt  (lOM)  injected  1  mg.  of  thiamine  intra¬ 
venously  and  obtained  at  leasfllO  pg.  in  the  fol  owing  to"  hours, 
in  adults.  Mason  and  Williams  (1942)  give  1  mg.  by  mouth  (0-4  mg. 
per  1,000  calories)  and  get.  100  /xg.  in  the  urine  in  twenty-four  hours. 

These  tests  are  more  sensitive  than  the  estimation  of  blood  pyruvic 
acid.  Diminished  excretion  of  thiamine  following  a  test  dose  gives 
the  earliest  indication  of  a  deficiency  of  B^.  Simple  estiina,tion  of 
pyruvic  acid  is  the  least  sensitive,  the  increase  in  pyruvic  acid  after 
administration  of  glucose  being  intermediate  between  these. 


Little  use  has  been  made  of  chemical  methods  for  investigating 
deficiencies  of  vitamins  other  than  A,  Bj,  and  C  unless  one  includes 
the  use  of  serum  alkaline  phosphatase  in  rickets  and  prothrombin 
time  in  connection  with  vitamin  K.  However,  relatively  simple 
methods  are  available  for  the  estimation  of  riboflavin  (vitamin  Bg) 
and  N^-methylnicotinamide,  an  excretion  product  of  nicotinic  acid,  in 
urine. 


RIBOFLAVIN 


Determination  of  Riboflavin  in  Urine  (Najjar,  1941  ;  Johnson  et  al., 
1945  ;  see  also.  Slater  and  Morrell,  1946) 

The  riboflavin  is  extracted  with  an  acetic  acid-pyridine-butyl 
alcohol  mixture  after  interfering  urinary  pigments  have  been  oxidized 
with  permanganate.  The  concentration  of  riboflavin  is  then 
measured  fluorimetrically. 

Reagents.  1.  Dry  powdered  oxalic  acid. 

2.  A  mixture  of  equal  volumes  of  pyridine  and  glacial  acetic  acid. 

3.  Potassium  permanganate,  4  per  cent,  solution. 

4.  Hydrogen  peroxide,  3  per  cent.  (10  volumes  per  cent.). 

5.  Isobutyl  alcohol  or  n-butyl  alcohol.  Examine  each  batch 
before  use  before  the  ultra-violet  light.  Redistil  if  there  is  perceptible 
fluorescence. 


6.  Anhydrous  sodium  sulphate. 

Technique.  Collect  a  twenty-four-hour  specimen  as  described 
under  thiamine,  using  oxalic  acid  and  keeping  in  an  amber  bottle. 
C  arry  out  all  operations  in  a  diffuse  light,  avoiding  direct  sunlight. 
Pleasure  ()-5  ml.  of  urine  into  a  10  ml.  glass-stoppered  test  tube  and 
add  0-5  ml.  of  the  pyridine-acetic  acid  mixture.  Add  a  drop  of 
potassium  permanganate  solution  and  shake  gently  for  about  a 

drops  of  hydrogen  peroxide  and  again  shake 
gently  The  permanganate  should  be  destroyed  within  a  few 

Stiv  hydrogen  peroxide  and  warm 

s  ightly  to  lO  F.  ,\dd  1-5  ml.  of  isobutyl  alcohol,  stopper,  and 

fmimd?'’'sr  ^1?’  '‘11“'  times,  ‘hat  is,  for  about 

<if  ■!  I  vdroMs  so V  ”  °T  V'® to  separate,  add  a  small  amount 
01  ai  hy  drous  sodium  sulphate,  rotate  between  the  hands  to  clear 

TranS' 1  1 7  of  h"‘  f “  '""’"1*®  to  separate. 

1  raiister  1  ml,  of  the  clear  tipper  alcohol  layer  to  a  thin-walled  Pyrex 
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^be,  75  X  10  mm.,  and  compare  with  standards  in  ultra-violet  light. 
1  he  alcohol  solutions  remain  stable  for  at  least  two  hours.  A  silvery 
blue  fluorescence  invariably  present  can  be  absorbed  by  a  suitable 
yellow  filter.  To  get  a  true  riboflavin  reading,  after  the  initial 
reading  has  been  made,  expose  to  strong  ultra-violet  light  for  exactly 
an  hour  to  destroy  the  riboflavin  and  read  again.  The  amount  of 
fluorescence  not  destroyed  by  ultra-violet  light  is,  however,  remark¬ 
ably  constant,  being  about  half  the  initial  reading  in  most  urines, 
and  much  less,  about  one-fifth,  in  urines  collected  after  a  test  dose  of 
riboflavin  has  been  taken. 

Prepare  standard  solutions  in  the  same  way  as  described  for 
thiamine.  In  this  case  a  suitable  range  is  from  0  to  100  /xg.  per 
100  ml.  Develop  fluorescence  from  these  in  the  same  wav  as  for  the 
urine  which  is  being  tested. 

INTERPRETATION 

The  daily  excretion  is  greatly  influenced  by  the  amount  taken  in 
the  diet.  On  a  satisfactory  intake  it  is  between  0-5  and  0-8  mg. 
Tests  using  a  standard  dose  are  more  satisfactory  than  an  estimation 
made  on  a  twenty-four  hour  specimen.  If  16  /xg.  per  kilogram 
body  weight  are  given  intravenously  at  least  25  per  cent,  of  the 
amount  given  should  be  excreted  during  the  following  four  hours 
(see  Najjar  and  Holt,  1941  ;  Axelrod  et  al.,  1941). 


NICOTINIC  ACID,  NIACIN 


Nicotinic  acid,  a  deficiency  of  which  leads  to  pellagra,  is  present 
in  two  important  co-enzymes,  co-enzymes  I  and  II  which  are  found 
in  almost  all  cells  and  are  required  for  a  number  of  important  oxida¬ 
tion  processes.  It  is  also  present  in  food  as  the  amide,  nicotinamide. 


COOH 


CON 


7i 


Nicotinic  Acid  Nicotinamide 


N '-methyl  nicotinamide 


Nicotinic  acid  can  be  determined  colorimetrically  using  the  reaction 
with  cyanogen  bromide  and  an  aromatic  amine.  Aniline  has  been 
used.  Rosenblum  and  Joliffe  (1940)  used  metol,  Wang  and  Kodicek 
(1943)  j9-aminoacetophenone.  Any  nicotinamide  is  first  hjcroyse 
to  convert  it  to  nicotinic  acid. 

However,  nicotinic  acid  is  also  excreted  as  metabolites.  The  most 
important  of  tliesc  is  N'-meliiylnicotinaimde,  earlier  known  as  !•,. 
This  is  not  determined  by  the  colorimetric  method  for  nicotinic  acid 
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referred  to  above.  The  amount  of  this  excreted  in  the  urine  appears 
to  give  a  better  indication  in  regard  to  nicotinic  acid  nutrition  than 
does  excretion  of  the  vitamin  itself.  Ni-methylnicotinamide 
fluoresces  in  alkaline  solution  so  that  it  can  be  determined  fluori- 
metrically  after  preliminary  adsorption,  elution  and  extraction,  as 
described  below.  The  method  of  Johnson  et  al.  is  given.  See  also 
Hoehberg  et  al.  (1945),  Huff  and  Perlzweig  (1947),  and  for  further 
information  concerning  other  metabolites  of  nicotinic  acid,  Jones 
(1951). 


Determination  of  N^-methylnicotinamide  in  Urine  (Johnson  et  al., 
1945) 

The  N^-methylnicotinamide  is  adsorbed  at  a  pH  of  4-5  on  to  a 
column  of  synthetic  zeolite,  eluted  with  potassium  chloride,  made 
alkaline  and  extracted  with  n-butyl  alcohol.  It  is  then  compared 
lluorimetrically  with  standards. 

Reagents.  These  are  the  same  as  for  thiamine  in  urine. 

Technique.  Collect  urine  as  for  thiamine,  and  proceed  as  described 
for  thiamine,  up  to  the  point  of  washing  the  Permutit  or  Decalso  on 
to  which  the  adsorption  has  been  carried  out.  Whereas  thiamine  is 
firmly  adsorbed,  this  is  not  so  for  N^-methylnicotinamide,  which  is 
washed  off  relatively  easily.  So  wash  only  twice  and  adhere  closely 
to  a  definite  technique  for  test  and  standards.  After  elution  with 
0-5  ml.  of  potassium  chloride,  run  2  ml.  of  isobutyl  alcohol  into  the 
tube,  add  0-25  ml.  of  15  per  cent,  sodium  hydroxide,  stopper  at  once 
and  shake  up  and  down  for  about  a  minute  (twenty-five  times). 
Stand  to  separate,  or  centrifuge.  Transfer  1  ml.  of  the  supernatant 
alcohol  layer  to  a  small  test  tube  and  compare  in  the  ultra-violet 
light  with  standards  similarly  treated.  This  comparison  should  not 
be  made  earlier  than  five  minutes  after  shaking  with  the  sodium 
hydroxide.  For  the  standards  a  range  of  0  to  10  mg.  of  Ni-methvl- 
nicotinamide  per  100  ml.  is  convenient.  No  blank  correction  is 
reepured  so  long  as  the  urine  level  is  below  1-5  mg.  per  100  ml. 


interpretation 

The  daily  excretion  of  Ni-methylnicotinamide,  when  adequate 
meotimc  acid  is  being  taken,  ranges  from  3-17  mg.  (Huff  and  Perl- 
zweig,  1947),  the  average  being  7  mg. 


AMURBK’  ACID 

concerning  the  chemistry  of  ascorbic  acid 
hieh  are  important  in  connection  with  its  determination  It  forms 

eall/ao^  vo  f  1  acid.  Botli  tl.cse  are  biologi- 

I>hydroase„iic^c-id  dscTf  und^ffuXVo^^ 
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0=c-  c  =  c-  c  -  C-CH,OH 
H  I  ^ 

OH 


- ^ 


0 

II 


H 

I 


OtsC-C-  C-CH- 


OH 


/-ascorbic  acid 


dehydroascorbic  acid 


the  ring  opening  to  give  diketogulonic  acid  with  subsequent  break¬ 
down  to  oxalic  acid  and  /-threonic  acid, 

HOOC .  CHOH .  CHOH .  (TI  gOH. 

With  opening  of  the  ring  biological  activity  ceases. 

One  of  the  methods  most  frequently  used  for  the  determination  of 
ascorbic  acid  is  the  titration  of  2-6  dichlorophenolindophenol  in  acid 
solution.  This  blue  compound  is  red  in  acid  solution,  and  on  titration 
with  a  solution  of  ascorbic  acid  is  reduced  to  the  colourless  leucobase, 
the  ascorbic  acid  being  oxidized  to  dehydroascorbic  acid.  It  is  thus 


Ho  —  C 
11 

Cl  -  c 


I  I  1 

C  -  N  ■=:  C  ' 

1  1 

H  H  • 


2-6  dichlorophenolindophenol 


Cl 

J 

HO  '  C  ^  CH 
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,  c 


II 
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H  C 

i  )l 

C'M  -C. 
^  H 


l 

H 


^C-Oh 

I 

d-H 


colourless  leucobase 


seen  that  if  a  mixture  of  /-ascorbic  acid  and  dehydroascorbic  acid  is 
nresent  only  the  former  reacts  with  the  dye,  although  both  are 
biologic’allv  active.  Dehydroascorbic  acid,  however,  can  be  reduced 
back  to  /-ascorbic  acid  in  acid  solution  by  hydrogen  sulphide,  so  that 
titration  then  measures  all  the  biologically  active  substances  present 
In  body  fluids  such  as  blood  and  urine  only  /^-ascorbic  acid  appears  to 
be  nresent  so  that  if  the  estimation  is  carried  out  on  a  fresh  specimen 
befo^reonversion  to  dehydroascorbic  acid  is  able  to  occur,  al  the 
ae  We  vitamW  present  will  be  measured.  However,  par  leularly  m 
other  suh'stances  may  be  present,  whieh  react  i,  the  < hehtoro- 

[hlr^Mh'e  referred  to 

f'"  -‘h«.  suited  f- 
;2n;^flrS,h;e, 

red  product,  whicli  can  be  .  ascorbic  acid  into  deliydro- 

ascorbic  Icid!  "  Tbrcm>  beX..e  by  sbaking  rvitb  norb  an.l  filtering, 
m  norit  clears  the  liquid  and  oxidizes  the  ascorb.c  ac.d. 
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The  oxidation  of  ascorbic  acid  by  oxygen 
metallic  ions,  such  as  the  cupric  ion. 


is  catalysed 


by  certain 


Determination  of  Ascorbic  Acid  in  Urine.  Method  using  Titration  of 
2-6  dichlorophenolindophenol  (Harris  and  Ray,  1035). 

Reagents.  1.  Ulacial  acetic  acid. 

2.  Solution  of  2-6-dichlorophenolindophenol.  W  eigh  out 
accurately  40  mg.  of  the  dye  and  dissolve  in  100  ml.  of  distilled  water. 
One  ml.  of  this  solution  is  equivalent  to  0-2  mg.  of  ascorbic  acid. 
Since  the  keeping  qualities  of  the  solution  are  poor  it  is  necessary  to 
prepare  it  freshly  at  frequent  intervals.  It  should  not  be  kept  in 
use  for  more  than  a  week.  It  may  be  more  convenient  to  use  the 
tablets  of  the  dye,  which  can  be  obtained  from  British  Drug  Houses. 
These  contain  an  amount  of  dye  equivalent  to  1  mg.  of  ascorbic  acid, 
so  that  when  dissolved  in  10  ml.  of  water  they  give  a  solution  of 
which  1  ml.  is  equivalent  to  OT  mg. 

Solutions  of  dye  can  be  checked  against  an  ascorbic  acid  solution 
of  known  concentration.  Dissolve  40  mg.  of  pure  dry  ascorbic  acid 
in  100  ml.  of  10  per  cent,  acetic  acid.  Dilute  5  ml.  of  this  to  100  ml. 
with  10  per  cent,  acetic  acid.  Titrate  0-5  ml.  of  the  dye  with  this 
solution.  Five  ml.  should  be  required  to  decolorize  it. 

Ascorbic  acid  itself  can  be  standardized  against  iodine.  Since 
1  molecule  of  ascorbic  acid  loses  two  hydrogen  atoms  on  oxidation,  one 
molecular  weight  in  grams  of  ascorbic  acid  is  equivalent  to  twice  the 
atomic  weight  in  grams  of  iodine.  So  a  normal  solution  of  ascorbic 
acid  contains  176/2,  that  is,  88  grams  per  litre,  or  88  mg.  per  ml. 
Hence  1  ml.  of  N/lOO  iodine  is  equivalent  to  0-88  mg.  ascorbic  acid,  or 

1  mg.  ascorbic  acid  is  equivalent  to  1-14  ml.  N/lOO  iodine. 


Dissolve  50  mg.  of  the  ascorbic  acid  in  100  ml.  of  glass-distilled 
water  and  titrate  5  ml.  with  N/lOO  iodine  using  starch  as  indicator. 
Use  a  microburette.  Five  ml.  contains  2-5  mg.  of  ascorbic  acid  and 
so  should  require  1*14  x  2-5  =  2-85  ml.  of  N/lOO  iodine. 

Technique.  Pipette  0-5  ml.  of  the  dye  into  a  test  tube  (6x1  inch) 
and  add  1  ml.  of  glacial  acetic  acid.  ‘Run  in  the  urine  slowlv,  with 
constant  shaking,  until  the  red  colour  has  been  discharged.*  Note 
the  amount  of  urine  required. 

Calculation.  0-5  ml.  of  dye  =  0-1  mg.  ascorbic  acid.  So, 
Mg.  ascorbic  acid  per  100  ml.  of  urine 

volume  of  urine  required  =  ml7mhne'requii^' 

Alternative  Technique.  Dilute  a  portion  of  the  urine  with  one- 

-  of  glacial  acetic  acid  and  determine  the  volume 

required  to  deeolorize  0-5  ml.  dye.  Then  ^  luc  \oiume 

Mg.  aseorbic  aeid  per  100  ml.  urine  =  11-1  ^  ml.  urine  rcouired 
^  uniform  concentration  of  acetic  acid.  ^ 
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keep  for  several  hours.  The  determination  is  most  often  done  on 
urine  specimens  collected  as  part  of  saturation  tests  (see  below)  which 
can  be  titrated  at  once.  A  rather  large  amount  of  acetic  acid  is 
required  to  protect  twenty-four  hour  specimens,  the  estimation  of 
ascorbic  acid  in  which  is  not  very  convenient. 

2.  Other  substances  which  also  decolorize  the  dye  are  present  in 
urine,  so  that  the  result  may  not  be  an  accurate  value  for  the  ascorbic 
acid  present.  However,  it  is  sufficiently  accurate  for  most  clinical 
purposes.  Some  modifications  of  the  method  have  made  use  of  the 
fact  that  the  reaction  of  ascorbic  acid  with  the  dye  is  more  rapid  than 
that  of  other  substances  present  which  react  similarly,  but  it  is 
doubtful  whether  this  difference  is  such  as  to  warrant  methods  based 
on  it.  In  saturation  tests,  because  of  the  greater  quantity  of  ascorbic 
acid  often  present,  the  effect  of  these  interfering  substances  is  much 
less  important  and  can  be  ignored. 

INTERPRETATION 

The  daily  output  of  ascorbic  acid  is  roughly  half  the  intake.  A 
usual  amount  is  20  to  30  mg.  The  daily  intake  of  persons  on  a 
reasonably  satisfactory  amount  of  vitamin  C  would  range  from  30  to 
80  mg.  The  minimum  amount  which  protects  against  scurvy  is 
10  to  15  mg.  daily.  In  states  of  vitamin  C  deficiency  urine  ascorbic 
acid  is  much  reduced  and  probably  disappears  completely.  The 
small  amounts  which  appear  to  be  measured  by  the  above  method 
are  probably  due  to  other  reducing  substances.  The  quantity  of 
ascorbic  acid  excreted  in  twenty-four  hours  is  not  a  satisfactory 
method  of  studying  the  nutritional  condition  in  regard  to  vitamin  C, 
even  apart  froni  the  fact  that  preservation  of  such  a  specimen  is 
troublesome. 


Ascorbic  Acid  Saturation  Tests 


These  tests  have  been  widely  used.  They  are  based  on  the 
assumption  that  if  the  previous  intake  of  the  vitamin  has  been 


from  four  to  six  hours  after  taking  the 
time  when  exeretion  is  at  its  maximum 


Thus  the  test  might  be 


carried  out  as  follows  : 
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10  a.m.  Give  by  mouth  70  mg.  ascorbic  acid  per  stone  of  body 
weight  dissolved  in  about  4  to  6  oz.  of  water. 

2  p.7n.  Empty  the  bladder  completely  and  discard  the  urine. 

4  p.m.  Empty  the  bladder  completely  and  estimate  the  ascorbic 
acid  content  almost  immediately  as  described  above. 

Repeat  the  test  daily  until  a  normal  response  is  obtained. 


INTERPRETATION 

In  the  case  of  persons  in  a  normal  nutritional  state  as  regards 
vitamin  C,  an  excretion  of  roughly  5  mg.  per  stone,  that  is  an  average 
of  about  50  mg.,  should  be  obtained  on  the  first  or  second  day. 
When  vitamin  C  deficiency  is  present,  a  longer  time  is  required. 
In  milder  cases  up  to  six  to  ten  days  may  be  needed  ;  in  severe  cases, 
in  which  symptoms  of  scurvy  may  be  present,  up  to  two  to  three 
weeks  may  be  necessary.  In  cases  where  a  deficiency  is  present  the 
titration  corresponds  to  the  presence  of  only  a  very  few  mg.  of 
ascorbic  acid,  usually  less  than  three,  this  probably  being  due  to 
reducing  substances  other  than  ascorbic  acid.  This  level  is,  as  a 
rule,  maintained  until  the  deficiency  has  almost  been  made  good 
when  there  is  quite  a  quick  rise  to  the  region  of  40  to  50  mg.  for  the 
two-hour  urine  found  in  a  normal  person.  With  such  specimens  of 
urine  containing  50  mg.  ascorbic  acid  in  perhaps  about  100  ml.  urine, 
a  more  accurate  result  is  obtained  if  the  urine  is  diluted  1  to  5  or  1 
to  10  with  water,  before  carrying  out  the  titration.  Otherwise  very 
small  amounts  of  urine,  less  than  1  ml.,  will  be  required. 

This  test  has  been  criticized  quite  considerably  in  recent  years, 
but  appears  to  be  as  convenient  and  satisfactory  as  anything  available 
at  present.  Ascorbic  acid  in  therapeutically  useful  amounts  is 
being  given  whilst  the  test  is  carried  out,  and  the  effect  may  be 
visible  clinically. 


Determination  of  Ascorbic  Acid  in  Blood 

Determination  of  Plasma  Ascorbic  Acid  by  2-6-dichlorophenolindo- 
phenol  Titration 

Reagents.  1  Trichloracetic  acid,  10  per  cent,  (w/v)  solution,  or 
freshly  prepared  5  per  cent,  metaphosphoric  acid. 

2.  Solution  of  2-6-dichlorophenolindophenol.  ’  Prepare  as  under 

thir-'‘°  to  0-2  mg.  ascorbic  acid.  Dilute 

his,  o  ml.  to  2o  ml.  m  a  2o  ml.  stoppered  cylinder.  One  ml.  of  this 
solution  IS  equivalent  to  0-04  mg.  ascorbic  acid. 

Technique.  Mix  equal  volumes  (4  ml.  is  convenient)  of  nlasma 
separated  immediately  after  withdrawing  the  blood  and  of  the 
tricldoracetic  or  metaphosphoric  acid.  Filter  or  centrlgf  pTpett: 

fin  touted  dye  solution  into  a  test  tube  and  titrate ^with 

the  filtrate  until  the  reddish  colour  has  disappeared 

^dtm  alent  to  0  008  mg.  ascorbic  acid 
Hence  mg.  ascorbic  acid  per  lOO  ml.  plasma  ^  ^ 
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100  1-6 
=  -  X  2  X  0-008  =  :  r-  . 

ml.  titration  ml.  titration 

Whilst  metaphosphoric  acid  has  advantages  over  trichloracetic  acid, 
its  keeping  properties  are  poor,  even  in  the  solid  form  once  the 
reagent  bottle  has  been  opened,  so  it  is  usually  more  convenient  to 
use  trichloracetic  acid. 

Note.  If  the  plasma  cannot  be  separated  immediately,  blood  can 
be  preserved  by  the  method  used  by  Mindlin  and  Butler  (1938). 
The  blood  is  collected  into  a  test  tube  containing  1  drop  each  of  5 
per  cent,  potassium  cyanide  and  20  per  cent,  potassium  oxalate  for 
4  to  5  ml.  of  blood. 

Mindlin  and  Butler  have  also  used  a  method  in  which  an  excess 
of  dye  is  added  to  plasma,  and  the  amount  of  unreduced  dye  is 
determined  colorimetrically. 


INTERPRETATION 

Plasma  ascorbic  acid  levels  are  of  doubtful  value  in  diagnosing 
scurvy  and  subclinical  conditions  of  vitamin  C  under-nutrition. 
Various  levels  from  about  0-7  mg.  per  100  ml.  downwards  have  been 
stated  to  indicate  scurvy,  but  while  persons  on  an  adequate  intake 
of  vitamin  C  will  generally  be  found  to  have  a  plasma  level  between 
0-6  and  2-0  mg.  per  100  ml.  with  typical  values  from  0-8  to  1-4,  it 
would  appear  that  all  values  down  almost  to  zero  are  obtained  in 
apparently  healthy  persons.  While  it  is  possible  that  some  of  these 
figures  may  be  due  to  defective  methods  of  estimating  the  ascorbic 
acid,  at  the  present  time  it  is  not  possible  to  draw  any  reliable 
conclusions  from  plasma  levels. 

More  recently  attention  has  been  directed  to  whole  blood.  It  has 
been  shown  (Crandon  et  al,  1940  ;  see  also  Butler  and  Cushman, 
1940  ;  Butler  ei  al.,  1943)  that  ascorbic  acid  disappears  more  rapidly 
from  the  plasma  than  from  the  cells  when  a  diet  low  in  vitamin  C  is 
taken  The  largest  concentration  of  ascorbic  acid  is  found  m  the 
white  blood  cells  and  in  the  platelets  which  may  contain  as  much  as 
25  to  30  mg.  per  100  grams  whereas  the  red  cells  may  have  0-8  to 
1-0  mg.  per  100  grams.  The  white  cells  appear  to  be  the  last  to  be 

'^T/ofand  Kuether  have  worked  out  a  method  for  the  determination 
of  ascorbic  acid  in  whole  blood  colorimetrically  as  the  2-4-dinitro- 
phenylhydrazone  in  acid  solution.  This  can  be  used  for  plasma  an 

urine  if  desired. 

Determination  of  Whole  Blood  Ascorbic  Acid.  Method  of  Roe  and 

> f™"' s. 

Filter  when  ?'“*  ptaM  200  norit  in  a  large  flask, 

■X'lori?  acid,  heat  to  boiling  and  filter 
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with  suction.  Transfer  the  cake  of  norit  to  a  beaker,  add  a  li^e  of 
distilled  Avater,  stir  thoroughly  and  filter.  Repeat  until  the  washings 
give  a  negative  test  for  ferric  ions.  Dry  overnight  at  110°  to  120  C., 
but  not  higher.  Some  batches  of  norit  do  not  need  this  washing. 
If  a  blank  using  norit  washed  with  trichloracetic  acid  is  the  same  as 
with  trichloracetic  acid  alone  then  washing  is  unnecessary. 

4.  Sulphuric  acid,  85  per  cent.  Add  900  ml.  of  the  concentrated 
acid  to  100  ml.  of  distilled  water. 

5.  Thiourea  solution.  Dissolve  10  grams  of  thiourea  in  100  ml. 
of  a  mixture  of  equal  volumes  of  ethyl  alcohol  and  water.  This 
keeps  for  at  least  tw^o  months  but  should  be  checked  occasionally. 
It  should  reduce  potassium  permanganate  readily. 

6.  Standard  solution  of  ascorbic  acid.  Prepare  by  dissolving 
50  mg.  in  100  ml.  4  per  cent,  trichloracetic  acid.  Dilute  5  ml.  of  this  to 
200  ml.  Avith  the  trichloracetic  acid  solution.  This  solution  contains 
12-5  /Ltg.  per  ml. 

Technique.  To  6  ml.  of  6  per  cent,  trichloracetic  acid  in  a  centri¬ 
fuge  tube  add  2  ml.  of  Avhole  blood  (or  plasma)  sloAvly,  Avith  constant 
stirring  to  produce  a  fine  suspension.  Stand  for  five  minutes, 
centrifuge,  and  then  add  0-3  gram  of  the  acid-washed  norit  to  the 
supernatant  fluid.  Cork  and  shake  vigorously.  Filter.  This  converts 
the  whole  of  the  ascorbic  acid  present  into  dehydroascorbic  acid. 

Measure  out  2  ml.  of  the  filtrate  into  each  of  tAVO  test  tubes.  Add 
1  drop  of  thiourea  solution  to  each.  Keeping  one  tube  as  blank, 
add  to  the  other  0-5  ml.  of  the  2-4-dinitrophenylhydrazine.  Stopper 
and  place  in  a  Avater  bath  at  37°  C.  for  exactly  three  hours.  Remove 
and  place  both  test  and  blank  tubes  in  ice-cold  Avater  and  add  slowly 
2-5  ml.  of  85  per  cent,  sulphuric  acid,  drop  by  drop,  and  taking  about 
half  a  minute  to  do  so,  so  that  there  is  no  appreciable  rise  in  tem¬ 
perature.  Finally,  add  0-5  ml.  of  the  dinitrophenylhydrazine  to  the 
blank.  :Mix  well  the  contents  of  both  tubes  Avhile  still  in  iced  Avater. 
Remove  to  a  rack,  and  after  thirty  minutes  read  in  the  photoelectric 
colorimeter  at  540  millimicrons,  or  using  a  yellow-green  filter.  Read 
the  ascorbic  acid  content  on  a  standard  curv^e,  prepared  as  follows  : 


Mg.  ascorbic  acid  per  100 

ml.  blood  ...  0  0-25 

Ml.  standard  solution  (12-5 

fig.  per  ml.)  .  .0  0-4 

Ml.  4  per  cent,  trichloracetic 
acid.  .  .  .  8  0  7  0 

Add  norit,  shake,  stand,  filter,  t  ike  2  r 
above  for  the  test. 
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0-75 

10 
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20  2-5 

0-8 
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10 

2  0 

2-4 

32  40 

7-2 

0-8 

0-4 

6  0 

5-6 

4-8  40 

of  the  filtrate,  and  jiroceed  as  described 
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CHAPTER  XXI 1 1 

HORMONES 


In  this  chapter  the  hormones  considered  will  be  the  male  sex 
hormones,  androgens,  produced  by  the  testis  and  adrenal  cortex  ; 
the  female  sex  hormones,  oestrogens  produced  by  the  ovary,  and 
progesterone  from  the  corpus  luteum  and  placenta  ;  and  cortico¬ 
steroids,  from  the  adrenal  cortex.  All  these  are  steroids,  that  is,  they 
are  derivatives  of  the  tetracyclic  hydrocarbon,  cyclopentanophen- 
anthrane,  the  carbon  atoms  of  which  are  numbered  as  shown 

in  formula  I.  Substituted  groups  are  sometimes  found  on  carbon 
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atoms  3,  10,  11,  13,  and  17.  Those  which  introduce  further  carbon 
atoms  include  methyl  groups  on  10  and  13,  and  a  side  chain  of  two 
carbon  atoms  on  17.  The  maximum  number  of  carbon  atoms  is 
thus  21,  and  the  skeleton  that  shown  in  formula  II.  Other  substi¬ 
tuted  groups  introduce  oxygen  atoms  either  in  hydroxyl  groups  or 
as  a  ketone.  These  arc  found  on  carbon  atoms  3,  11,  17,  20,  and  21. 

The  chemical  structure  of  the  compounds  belonging  to  each  of  the 
above  type  of  hormone  will  be  discussed  briefly  as  these  are  considered. 


ANDROGENS 

These  all  contain  methyl  groups  on  both  carbon  atoms  10  and  13, 
but  not  the  side  chain  at  17,  so  that  they  are  C^g  compounds. 
Although  testosterone  is  the  most  active  of  the  androgens,  the 
substances  which  are  determined  by  the  chemical  method  given 
below,  are  metabolites  excreted  in  the  urine.  These  include  andro- 
sterone,  isoandrosterone,  dehydroisoandrosterone.  and  etiocholanolone, 
all  of  which  are  seen  to  have  a  ketone  group  at  carbon  atom  17,  and 
so  are  known  as  17-ketosteroids. 


Tlic  iscnerisii.  of  anclrosterone  and  isoandrosterone  arises 
livdroxvl  group  and  tlic  hyrlrogen  atom  on  earbon  3. 
the  hvdroxyl  grouji  can  be  imagined  to  be  below  the 
.  /‘i  ^  \  in  the  other  to  be  above  the  plane  of  the  rii  g 

nng  *gro«  .1  of  con, pounds  thus  possible  are 

(show  .J'  1  .35  compounds.  Androsteronc  and  etiocholanolone 

designated  3a  and  and  dehvdroisoandrosterone 

I’o’tTe^/group*  K,“r  her  stereoisomers  arise  fronl  the  hydrogen  aton, 
on  earhm.T'  This  n.ay  be  above  the  plane  of  the  r.ng  (shown  — ) 
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as  in  etiocholanolone,  or  below  (shown - )  as  in  anclrosterone  and 

isoandrosterone.  The  latter  are  sometimes  distin^juished  by  the 
prefix  alio-. 

It  will  be  noticed  that  only  in  dehydroisoandrosterone  of  the  17- 
ketosteroids  is  there  a  double  bond  present,  between  earbon  atoms 
5  and  6.  Otherwise  all  the  earbon  atoms  have  their  full  eomplement 
of  hydrogen  atoms.  Testosterone  on  the  other  hand  has  one  double 
bond  between  earbon  atoms  4  and  5. 


Determination  of  Neutral  17-Ketosteroids  in  Urine 

Methods  for  determining  17-ketosteroids  in  urine  are  mostly 
modifieations  of  Callow’s  original  method  (Callow  et  al.,  1938)  which 
used  coupling  of  the  ketone  group  at  position  17  with  m-dinitro- 
benzene  in  the  presence  of  strong  alkali,  a  reaetion  introduced  by 
Zimmermann.  The  resulting  eolour  is  eompared  with  that  produced 
from  a  standard  of  pure  erystalline  17-ketosteroid  sueh  as  andro- 
sterone.  Before  carrying  out  the  Zimmermann  reaetion  the  urine  is 
boiled  with  aeid.  After  the  aeid  hydrolysis  the  ketosteroids  are 
extracted  with  ether  or  carbon  tetrachloride  and  the  extraet  washed 
with  alkali  to  remove  phenolie  eompounds.  The  solvent  is  then 
evaporated  off  and  the  colour  developed  on  the  residue  dissolved  in 
alcohol.  Much  work  has  been  done  on  this  determination.  See, 
for  example,  Talbot  et  al.,  (1940  (2));  Holtorff  and  Koch,  (1940)  ; 
Robbie  and  Gibson  (1943)  ;  Hain,  (1947  (1)  )  ;  Tompsett,  (1949). 
The  subjeet  is  also  reviewed  by  Callow  (1950),  and  by  Mason 
and  Engstrom  (1950).  Reeently  a  Medieal  Research  Council  Com¬ 
mittee  on  Clinical  Endoerinology  (1951)  has  published  a  method 
which  it  is  hoped  will  make  the  results  of  different  laboratories  more 
strictly  comparable.  This  method  is  given  here. 

Reagents.  1.  Coneentrated  hydroehlorie  aeid. 

2.  Sodium  hydroxide,  2  N  solution. 

3.  Carbon  tetrachloride. 

4  Absolute  alcohol  (aldehyde  free).  The  quality  of  the  aleohol 
used  is  most  important  in  obtaining  low  reagent  blanks.  If  unsatis- 
aetory,  aleohol  can  be  purified  as  follows.  Allow  absolute  aleohol 
to  stand  m  contaet  with  m-phenylenediamine  hydroehloride  (about 
4  grams  per  litre)  m  the  dark  for  about  a  week,  shaking  oeeasionally. 
Distil  off  the  aleohol  m  an  all-glass  apparatus,  disearding  the  first 
and  last  portions.  Keep  this  purified  aleohol  in  the  dark.  Use 
whenever  alcohol  is  required  m  this  determination.  British  Drug 
Houses  Analar  alcohol  is  satisfactory  without  further  purifieation 

per  cent,  w-dmitrobenzene  in  alcohol.  Use  speciallv 
purified  m.c  .nitrobenzene  dissolved  in  aldel.yde-free  alcohol.  Obtain 

tl,'?'^vr’i’'n‘‘''°^’u"f  o’®  purified)  and  purify  further  bv 

2  “■"oftai:? eoofti:'soKd1o;,“a„d  add 

suck  dry.  and  rcerystallize  twice  inLcLsion 
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of  absolute  alcohol.  The  material  should  be  obtained  as  almost 
colourless  needles  with  melting  point  9()-5°  to  91°  C.  On  mixing  a 
1  per  cent,  alcoholic  solution  with  an  ecpial  volume  of  2  N  sodium 
hydroxide  no  colour  should  result  after  standing  for  one  hour.  Keep 
the  2  per  cent,  solution  (w/v)  in  alcohol  prepared  from  this  specially 
purified  material,  in  a  brown  glass-stoppered  bottle  in  the  dark.  It 
will  keep  for  one  to  two  weeks. 

6.  Potassium  hydroxide  (carbonate-free),  2-5  N  solution  in  absolute 
alcohol.  Dissolve  9  grams  of  potassium  hydroxide,  with  shaking, 
in  50  ml.  of  absolute  alcohol  and  filter  through  a  hardened  filter  paper. 
Titrate  against  standard  acid  using  methyl  orange,  and  adjust  to 
between  2-48  and  2-52  N.  Keep  in  a  refrigerator  and  discard  if  any 
colour  develops.  This  is  best  prepared  freshly  at  least  once  a  fort¬ 
night. 

7.  Standard  solution  of  dehydroisoandrosterone  or  androsterone. 
Prepare  a  solution  containing  1  mg.  per  ml.  of  absolute  alcohol. 

Technique.  Collect  a  twenty-four-hour  specimen  of  urine  in  a 
Winchester  quart  bottle.  It  is  not  necessary  to  add  a  preservative, 
if  the  estimation  can  be  begun  soon  after  completing  the  collection, 
but  5  to  10  ml.  of  concentrated  hydrochloric  acid  can  be  used  if  the 
urine  has  to  be  kept.  Measure  out  100  ml.  of  urine  and  bring  to  the 
boil  in  a  flask  fitted  with  a  reflux  condenser,  using  all-glass  apparatus. 
Then  pour  10  ml.  of  concentrated  hydrochloric  acid  down  the  con¬ 
denser  and  boil  for  ten  minutes.  Allow  to  cool  a  little  and  then 
run  30  ml.  of  carbon  tetrachloride  down  the  condenser.  Again  boil 
for  ten  minutes.  Cool,  remove  the  carbon  tetrachloride  layer,  add 
a  further  30  ml.  of  carbon  tetrachloride  and  reflux  for  another  ten 
minutes  Again  cool,  remove  the  carbon  tetrachloride  layer  and 
add  to  the  first  extract.  Wash  the  combined  extracts  successively 
with  20  ml.  of  water,  20  ml.  of  2  N  sodium  hydroxide,  20  ml.  of  water, 
and  20  ml.  of  water  containing  a  pinch  of  sodium  dithiomte  NagSg  i- 
Shake  with  a  little  anhydrous  sodium  sulphate,  filter  through  glass 
wool  washing  through  with  more  carbon  tetrachloride,  h.vaporate 
off  tiie  carbon  tetrachloride  on  a  water  bath.  Use  a  water-pump 
vacuum  to  remove  the  last  traces.  Dissolve  the  dry  residue  m  the 
Ihlolute  alcohol.  For  normal  urines  2  or  4  ml.  is  a  convenient  volume 
to  use  but  more  or  less  should  be  used  if  abnormal  amounts  of  keto- 
Lroids  are  present.  This  solution  keeps  well  when  well  stoppered. 

For  the  colour  development  set  up  the  following  tubes  . 

rf“X'aleol,ol  solution  of  the  residue  frou.  the  uriue 

O  -i'mrof  2  per  cent,  m-dinitrobenzene  in  alcohol. 

0-2  ml.  of  2-5  N  alcoholic  potassium  hydroxide. 

o“of  a  solution  of  tlehvdroisoandrosterone  or  a.u^ 

in  alcohol  containing  0-1  mg.  fuse 
diluted  1  ill  with  alcohol.)  i  i  i 

0-2^ml.  of  2  per  cent,  m-dinitrobenzene  m  alcohol. 
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0-2  ml.  of  2-5  N  alcoholic  potassium  hydroxide. 

8.  Reagent  blank  : 

0-2  ml.  of  absolute  alcohol. 

0-2  ml.  of  2  per  cent,  m-dinitrobenzene  in  alcohol. 

0-2  ml.  of  2-5  N  alcoholic  potassium  hydroxide. 

Stopper  the  tubes  and  place  in  a  water  bath  at  25  1°  C.  in  the 

dark,  for  one  hour.  Then  remove  from  the  bath,  add  10  ml.  of  70 
per  cent,  alcohol,  mix,  and  read  in  the  photoelectric  colorimeter 
using  two  filters,  first  a  green  one,  transmission  at  520  millimicrons, 
and  then  a  violet,  transmission  at  480  millimicrons. 

Readings  are  made  using  two  filters  so  that  a  correction  can  be 
made  for  interfering  chromogens.  Substances  which  give  a  general 
absorption  when  treated  with  Zimmermann  reagent  are  present  in 
urine  extracts  obtained  as  described  above.  The  observed  reading 
for  the  green  filter  can  be  corrected  for  these  by  means  of  the  formula: 

Corrected  green  extinction  value 

_  Observed  green  extinction  value  —  0-6  x  Observed  violet  extinction  value 

 - 


This  formula  was  suggested  by  Fraser  et  al.  (1941)  and  Talbot  et  al. 
(1942).  See  also  Engstrom  and  Mason  (1943)  and  Butt  et  al.  (1951). 
Engstrom  and  Mason  describe  how  the  correction  factors  can  be 
derived  using  the  separation  into  ketonic  and  non-ketonic  fractions  by 
means  of  Girard’s  reagent  T  as  carried  out  by  Talbot  et  al.  (1940  (3)  ). 
Interfering  chromogens  are  in  the  non-ketonic  fraction.  Variations 
in  the  correction  formula  have  been  found,  so  that  rather  more 
accurate  results  may  be  obtained  if  this  is  determined  for  a  particular 
set  of  conditions.  This  applies  more  especially  to  low  values  of 
17-ketosteroids. 

Calculation.  Mg.  17-ketosteroids  per  twenty-four-hour  specimen 

_  Corrected  reading  of  unknown 

Reading  of  standard  ^  ^’^’^^^tosteroid 

in  the  standard  used  x  ^  olu»^e  of  alcohol  used  to  dissolve  the  extract 

0-2 

^  \  olumc  of  24-hour  specimen 

Too 


So  if  the  extract  was  dissolved 
used  contained  O-l  mg.,  then 


m  2  ml.  of  alcohol  and  the  standard 


Mg.  17-ketosteroids  per  twenty-four-hour  specimen 
^  Corrected  reading  of  unknown  ^  Volume  of  24-hour  specimen 
Reading  of  standard  - - fOO - - 


Construct  a  standard  curve  using  the  standard 
1  mg.)  given  above  and  setting  up  tubes  as  follow 


solution 
s  : 


(1 


ml. 
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Mg.  17-ketosteroi(ls  per  100  ml.  urine 
Ml.  standard  solution  of  a  pure  17-keto- 
steroid  (0-2  ml.  =  0-2  mg.)  . 

Ml.  absolute  aleohol 

Treat  as  described  above. 


0 

0  5 

10 
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0 

0  05 

010 

015 

0-20 

0  20 

0  15 

010 

005 

0 

These  figures  apply  if  2  nil.  of  alcohol  was  used  to  dissolve  the 
extract  from  100  ml.  of  urine. 

Take  care  to  see  that  the  straight  part  of  this  curve  is  used,  diluting 
the  alcohol  solution  of  the  urine  extract  if  necessary.  In  most  cases 
the  amount  of  colour  appears  to  be  proportional  to  concentration 
only  up  to  OT  nig.  of  17-ketosteroid  in  the  actual  test  sample. 

Notes.  ]Mason  and  Engstrom  (1950)  suggest  that  dehydroiso- 
androsterone  is  the  most  satisfactory  of  the  17-ketosteroids  to  use  as 
standard,  and  androsterone  the  least  satisfactory.  They  also 
that  the  amount  of  colour  obtained  from  the  same  amount  of  standard 
changes  with  the  age  of  the  reagents  so  that  a  standard  should  be  put 
up  with  each  set  of  determinations  if  possible.  The  author  has  also 
found  this  to  be  the  ease  and  would  emphasize  the  desirability  ot 
doing  a  standard  with  each  batch.  When  the  reading  of  the  blank 
increases  the  diflercnce  between  the  readings  of  the  standard  and  the 
blank  decreases,  but  reproducible  results  for  unknowns  are  obtained 
on  applying  the  above  correction  formula.  \\  ilson  and  Carter  (19  / ) 
found  that  the  potassium  hydroxide  could  be  stabilized  by  adding 

ascorbic  acid.  See  also  addendum  1,  p.  458.  _ 

Hormone  metabolites  other  tlian  ir-ketosteroi<  s  may  also  give 
some  colour  with  the  Zimmermaim  reaction.  1  hus  the  small  "'greases 
reported  in  pregnancy  are  probably  due  ‘o^O-ketosteroKb  resulting 
from  the  increased  production  of  progesterone.  It  also  aPPears 
possible  that  the  increase  in  17-ketosteroids  as  measured  .Y 
Zimmermaim  reaction  found  in  some  adrenal  diseases  is  also  m  part 
due  to  the  excretion  of  other  metabolites. 

Reaction  with  Antimony  Trichloride  (Pincus,  1943) 

Pincus  showed  that  antimony  trichloride  gives  a  blue  colour  with 
th  "  bove  n-ketostcroiils  vvitli  the  e.yeeption  o  ^ 

sterone.  Accordingly  the  "T" 

sterone.  The  significance  ot  this  is  discussed  latei. 

Application  of  Chromatograph  MeJ,hods  to  the  Separation 

Chromatographie  separation  of  urinary  be^n  ufed 

(1949)  have  used  paper  chromatography. 

Zimmermann  Reaction  on  Serum 
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INTERPRETATION  j  ■  j  v 

The  17-ketosteroids  determined  by  this  method  are  derived  trom 
the  androgenic  hormones  of  the  testis  and  adrenal  cortex.  It  is 
considered  that  androsterone  and  etiocholanolone  arise  from  the  testis, 
all  four  from  the  adrenal  cortex. 

In  males  the  amount  excreted  is  thus  a  measure  of  the  combined 
testieular  and  adrenal  cortical  secretion  of  androgens,  in  the  female 
of  those  from  the  adrenal  cortex  only.  Since  both  adrenal  cortex 
and  testis  are  under  the  hormonal  control  of  the  anterior  pituitary, 
changes  in  urinary  17-ketosteroid  excretion  are  found  in  diseases 
involving  any  of  these  organs — anterior  pituitary,  adrenal  cortex  and 
testis. 

The  normal  values  can  be  summarized  as  follows  : 

Adult  males  9  to  24  mg.  per  twenty-four  hours.  Average  15  mg. 

Adult  female  5  to  17  mg.  per  twenty-four  hours.  Average  10  mg. 


The  difference  is  due  to  testicular  secretion  in  males.  On  an 
average  about  twiee  as  much  is  derived  from  the  adrenal  cortex  as 
from  the  testis. 

These  figures  are  for  young  adults  aged  about  twenty-five  years, 
at  which  17-ketosteroid  excretion  is  at  a  maximum.  A  slow  fall 
follows  thereafter  with  advancing  years.  Thus  Hamburger  (1948) 
found  at  fifty  years  an  average  of  10  mg.  (range  5-18  mg.)  for  men 
and  of  6  mg.  (range  3-9  mg.)  in  women. 

Before  puberty  the  excretion  is  the  same  in  both  sexes.  For 
children  the  following  figures  have  been  given  (Talbot  et  al.,  1940  (1)  ; 
Hain,  1947  (2)  )  : 

Up  to  7  years  ....  0-5  to  2-5  mg.  daily. 

8  to  12  years  .  .  .  .  2  to  5  mg.  daily. 

12  to  15  years  .  .  .  .  5  to  11  mg.  daily. 

However,  no  correction  was  made  for  interfering  chromogens. 
Wood  and  (iray  (1949-50)  have  recently  made  a  study  of  17-keto- 
^eroid  excretion  in  children  and  have  applied  such  corrections. 
1  heir  results  are  summarized  as  follows  : 


Age 

Sex 

No.  of 
cases 

2-6 

F 

8 

INI 

13 

6-9 

F 

10 

M 

13 

9-12 

F 

12 

IM 

7 

Total  neutral 


Uncorrected 


Range 

Mean 

1  06-2-8 

0  84-3-0 

'..5  1 

1  22-4  74 

1  26-3  95 

1  2-38  . 

0  50-4  10 

1  -04-4-00 

[2.23  { 

• 

17 


-ketosterolds 

Corrected 

Range 

0-29-1  02  ) 

0-32-1  24  [ 

0  26-1  -55  I 

0-34-1  50  J 

0-23-2  30 
0-66-1-60 


Mean 

0-67 

0-89 

1  03 
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Decreased  excretion  of  \1  -ketosteroids  is  found  when  there  is  hypo- 
activity  of  adrenal  cortex,  pituitary  or  testis. 

1.  Hypopituitarism  (Simmonds’  disease).  In  this  condition 
diminished  secretion  of  both  the  adrenoeorticotrophic  and  gonado¬ 
trophic  hormones  of  the  anterior  pituitary  eauses  a  reduction  in  the 
output  of  androgens  by  both  adrenal  cortex  and  testis.  Figures  for 
17-ketosteroid  excretion  range  from  low  normal  values  to  almost 
complete  absence  depending  on  the  extent  of  the  pituitary  deficiency. 
The  estimation  may  be  useful  in  differentiating  the  condition  from 
anorexia  nervosa,  in  which  normal  or  only  slightly  reduced  values 
are  found. 

2.  Hypogonadism.  In  males  this  may  either  be  due  to  disease  of 
the  testes  or  be  secondary  to  a  reduction  in  the  secretion  of  the 
gonadotrophic  hormone  of  the  pituitary  due  to  hypopituitarism.  It 
is  only  in  these  latter  cases  that  really  low  figures  for  17-ketosteroid 
excretion  are  found.  In  primary  hypogonadism  adrenal  cortieal 
steroids  are  little  affected  so  that  there  is  only  a  reduction  in  testicular 
hormones.  Since  only  about  a  third  of  the  urinary  17-ketosteroids 
are  derived  from  these,  findings  are  low  in  the  normal  range  or  are 
slightly  reduced. 

In  females,  primary  ovarian  failure  has  no  effect  on  17-ketosteroid 
excretion  but  this  is  low  or  absent  if  the  hypogonadism  is  due  to 
hypopituitarism.  Some  degree  of  hypogonadism  may  occur  asso¬ 
ciated  wdth  increased  adrenocortical  activity  in  which  condition  there 


is  increased  excretion  of  17-ketosteroids. 

In  hypogonadism  du6  to  primary  ovarian  or  testicular  failure  there 
is  increased  excretion  of  gonadotrophins  by  the  pituitary,  whereas  in 
secondary  hypogonadism  due  to  hypopituitarism,  gonadotrophins 
are  low  or  absent.  Chemical  methods  for  assaying  gonadotrophins 
are  not  available.  Animal  methods  must  be  used  (see  Venning 

(1950),  and  Hamburger  (1950)  ).  i  . 

3.  Hypoadrenalism  (Addison’s  disease).  In  women,  17-keto¬ 
steroids  are  very  low'  or  absent,  but  in  men,  because  the  testes  usual  y 
remain  active,  there  is  still  an  excretion  of  from  1  to  6  mg.  even  in 

the  most  severe  cases.  .  ,  •  ,  c.  in 

4  Excretion  of  17-ketosteroids  is  also  often  rather  ow  in 

myxoedema  and  tends  to  be  on  the  low  side  in  many  severe  illnesses. 


Increased  excretion  of  "'.“f 

increased  activity  of  tlie  adrenal  cortex,  but  high  outputs  hare 
been  renorted  in  certain  types  of  tumour  ot  the  testis. 

^  1  Hyperadrenalism  may  be  due  to  liypcrplasia  or  ‘o  ‘u"'®'"'’;  *''' 

adrenal  cOTtex.  It  is  in  the  second  group  of  cases  that  the  highest 

Lmtunioim  e^L,  so  that  a  means  of -iisth^u.shnigj^hese  is 
“creTed  rth^lmi.m^CHenrlitTi  an  adJe'nal  tumour.  Callow 
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(193(),  1939)  showed  that  relatively  large  amounts  of  dehydroiso- 
androsterone  are  excreted  in  such  cases.  Talbot  et  aL,  (1940  (4)^) 
showed  that  the  17-ketosteroids  can  be  separated  into  a-  and  ^-17- 
ketosteroids  (see  p.  434)  by  precipitation  with  digitonin  since  the 
a  are  not  precipitated  while  the  ^  are.  Butt,  Henley  and  Moiris 
(1948),  Frame  (see  Venning,  1950),  and  Haslam  and  Klyne  (1952), 
have  also  published  methods  for  separating  these  by  means  of 
digitonin.  The  a-17-ketosteroids  (androsterone  and  etiocholanolone) 
form  85  to  95  per  cent,  of  the  total  in  normal  persons,  according  to 
Butt  et  al,  from  81  to  99  per  cent,  according  to  Haslam  and  Klyne. 
The  marked  increase  in  dehydroisoandrosterone  which  occurs  in 
patients  with  adrenal  tumours  causes  a  considerable  increase  in  the 
percentage  of  ^-17-ketosteroids,  and  this  was  used  diagnostically  by 
Talbot.  Subsequent  work  has  further  confirmed  this  excretion  of 
relatively  large  amounts  of  dehydroisoandrosterone  in  adrenocortical 
tumours,  particularly  in  females.  The  author  has  found  the  following 
method  of  fractionation  satisfactory. 


Fractionation  into  a  and  ^  Fractions  (Haslam  and  Klyne,  1952  ; 

Butt,  Henley  and  Morris,  1948) 

After  being  treated  wdth  an  alcoholic  solution  of  digitonin,  j8-keto- 
steroids  are  precipitated  as  a  digitonide  complex  by  ether,  while  the 
a-ketosteroids  remain  free  in  the  ether.  The  digitonin  complex  is 
decomposed  by  treating  with  dry  pyridine,  so  that  on  adding  ether 
the  digitonin  from  the  complex  is  precipitated  and  the  j8-ketosteroids 
remain  in  solution.  The  two  fractions  are  then  assayed  separately 
by  the  Zimmermann  reaction. 

Reagents.  1.  Digitonin — a  1  per  cent,  w/v  solution  in  warm 
90  per  cent,  v/v  ethyl  alcohol.  Keep  at  37°  C.  in  a  tightly  stoppered 
container. 

2.  Ether,  peroxide-free. 

3.  Pyridine.  Dry  over  barium  oxide  and  redistil. 

4.  Absolute  ethyl  alcohol.  The  specially  pure  alcohol  used  in  the 
17-ketosteroid  determination  (p.  435)  must  be  employed  throughout. 

5.  Sulphuric  acid,  2  N.  c  • 

Technique.  Take  an  amount  of  alcohol  extract  prepared  as 
described  above,  Avhich  contains  1-0  to  1-5  mg.  of  ketosteroid  (and 
not  more  than  0-5  mg.  of  the  ^-fraction).  Evaporate  in  a  graduated 
ceiitrifugc  tube.  Add  0-75  ml.  of  the  warm  digitonin  solution.  Heat 
(piickly  to  boiling  over  a  microflame.  Stopper  and  leave  in  the 
refrigerator  overnight.  Add  10  ml.  of  ether  with  stirring  in  small 
amounts  as  follows.  First  add  3  ml.  in  two  1-5  ml.  portions  at  an 
interval  of  a  few  minutes.  Then  allow  the  tube  to  stand  for  about 
half  an  hour,  stirring  occasionally  with  a  fine  glass  rod.  At  the  end 
of  this  time  add  a  further  4  to  5  nd.  of  ether.  After  a  further  period 

tin '’l  ^  forty-five  minutes  standing,  add  the 

final  .  to  3  ml  of  ether,  using  this  to  wash  the  glass  rod  and  the  inside 
o  le  ube.  C  entrifuge  and  decant  the  clear  supernatant  fluid  into  a 
■sma  separating  funnel.  Wash  the  precipitate  three  times  with  5  ,ni 
f  etlier,  stirring,  centrifuging,  and  decanting  tlie  supernatant  fluid 
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each  time.  Standing  is  not  necessary  if  the  initial  flocculation  was 
satisfactory.  Wash  the  combined  supernatant  fluids  in  the  separating 
funnel  three  times  with  5  ml.  of  water,  transfer  to  a  small  flask  and 
remove  the  ether  under  reduced  pressure  at  room  temperature. 
Dry  for  an  hour  over  calcium  chloride.  This  gives  the  a  fraction. 

Dry  the  precipitate  in  the  centrifuge  tube  in  air  and  for  a  further 
twenty  minutes  in  a  desiccator  over  calcium  chloride  with  continuous 
evacuation.  Then  dissolve  in  0-25  ml.  of  dry  pyridine,  w'arming  in  a 
water  bath  at  60°  to  70°  C.  for  three  minutes.  Cool  in  running  w'ater, 
add  5  ml.  of  ether  as  above  in  small  amounts  with  stirring,  allowing 
the  tube  to  stand  for  about  fifteen  minutes  before  adding  the  last 
2  ml.  Centrifuge,  decant  the  clear  supernatant  fluid  into  a  separating 
funnel.  At  once  make  a  second  pyridine-ether  extraction.  Wash 
the  precipitate  twice  with  ether.  Wash  the  combined  extracts  and 
washings  twice  with  5  ml.  of  2  N  sulphuric  acid  and  three  times  with 
5  ml.  of  water.  Transfer  to  a  small  flask,  remove  the  ether  under 
reduced  pressure  and  dry  the  residue  as  above.  This  gives  the  ^ 
fraction. 

Take  up  the  residues  of  the  a  and  j8  fractions  m  2  ml.  and  0-5  ml. 
of  alcohol  respectively  and  use  these  for  carrying  out  the  Zimmer- 
mann  reaction  as  described  for  17-ketosteroids  earlier  (p.  436). 


Patterson’s  Test  for  Excess  Dehydroisoandrosterone 

Patterson  (1947) 'has  reported  a  simple  colour  test  for  revealing 
the  presence  of  dehydroisoandrosterone  in  these  cases.  He  found 
that  this  substance  gives  an  intensely  violet  blue  colour  wuth  some 
(Trecn  fluorescence  when  it  is  treated  with  sulphuric  acid.  He  found 
that  the  reaction  could  be  made  sensitive  to  less  than  0-1  mg.,  and 
showed  that  it  could  be  used  to  detect  an  excess  of  dehydroisoandro¬ 
sterone  in  the  extracts  of  17-ketosteroids  obtained  as  described  above. 

For  extraction  of  17-ketosteroids,  Patterson  used  25  ml.  of  urine 
and  hydrolyzed  by  refluxing  with  0-75  ml.  of  concentrated  sulphuric 
acid  /or  thirty  minutes.  After  extracting  with  ether  and  washing 

1  oiLl  and  water  he  dissolved  the  residue  obtained  by  evaporat- 
off  fhe  eth™  in  1  n‘l.  of  absoh.te  alcohol.  For  the  test  for 
dehydroisoandrosterone  he  took  0-2  ml.  of  tins,  corresponding  to  5  ml. 
of  tL  urine.  If  the  method  (p.  436)  is  used  take  a  volume  of  alcohol 

-'-‘O';  *o 

iransier  ui  u  *  to  drvness  m  a  vacuum  desiccator. 

and  shake  the  tube  nntil 

the  extract  is  <'  f  ^terse  in  cold  water,  add  1  ml.  of 

for  twenty  minutes.  tlip  side  shaking  continuously, 

distilled  water,  drop  by  t  rop  boiling  water  for  one  minute 

Heat  the  diluted  solution  ^  ba o  boi 
during  which  time  a  blue  oolom-  de' e  ops ,> 

is  present  in  signifiean  ao'oii_^^^.  several  minutes. 

Urhitrom^Ts^ot^  than  adrenal  tumours  give  various  shades  of 
brown. 
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Patterson  reports  findings  from  three  cases  of  adrenal  tumours, 
all  in  females,  which  gave  intense  colours,  the  twenty-four  hour 
output  of  17-ketosteroids  being  215,  335,  and  1,980  mg.  Completely 
negative  results  were  obtained  from  six  cases  of  prepubertal  virilism 
with  a  twenty-four  hour  output  from  24  to  81  mg.  Eight  cases  of 
secondary  virilism  with  21  to  30  mg.  daily  excretion  gave  completely 
negative  results.  Subsequent  work  supports  the  value  of  this  test 
though  examination  of  a  greater  number  of  cases  of  adrenal  tumour 
with  smaller  outputs  of  17-ketosteroids  than  those  given  above  is 
desirable. 

2,  Tumours  of  the  Testis.  Greatly  increased  excretion  has  been 
found  associated  with  interstitial  cell  tumours  but  in  other  testicular 
tumours,  normal  or  reduced  amounts  are  excreted.  Following 
administration  of  testosterone  propionate  about  50  per  cent,  of  it 
appears  in  the  urine  as  17-ketosteroids. 

Acromegaly  does  not  lead  to  increase  in  excretion  of  1 7 -ketosteroids 
and  the  high  values  found  in  Cushing’s  syndrome  when  due  to 
tumour  of  the  adrenal  cortex  do  not  seem  to  be  found  when  the 
condition  is  due  to  primary  pituitary  disease  (Fraser  et  al.,  1941). 


HORMONES  OF  THE  CORPUS  LUTEUM.  PREGNANEDIOL 

Pregnanediol  is  derived  from  progesterone,  the  hormone  secreted 
by  the  corpus  luteum  and  the  placenta.  These  two  substances  are 
C21  eompounds  since  they  have  the  same  two  methyl  groups  as  the 
17-ketosteroids  and  also  a  two  carbon  atom  side  chain  on  carbon 
atom  17. 


Pregnanediol  Progesterone  Pregnanolone 

Pregnanediol  is  excreted  in  the  urine  as  the  glucuronide  Also 
present  is  some  pregnanolone,  also  as  glucuronide.  This  contains 
two  Indrogen  atoms  less  on  carbon  atom  20  and  also  differs  from 
pregnanediol  111  belonging  to  the  other  isomeric  group  arising  froni  the 

K  ser’ie”  “  belolgrto  Ih: 


Determination  of  Pregnanediol  in  Urine 
Tlie  first  metiiod  used  was  tliat  of  Venning  (1937,  1938).  later 
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ino(iifiecl  (Venning,  1950).  The  pregnanediol  glueuronide  is 
extraeted  from  the  urine,  earefully  purified  and  weighed.  Although 
widely  used  this  method  is  rather  laborious  and  is  only  satisfactory 
for  urines  containing  more  than  10  mg.  of  pregnanediol.  Further¬ 
more,  the  urine  must  be  carefully  preserved  to  prevent  hydrolysis  of 
the  glueuronide.  Astwood  and  Jones  (1941)  hydrolyzed  the 
glueuronide  by  boiling  the  urine  with  acid,  extracted  the  free 
pregnanediol  with  toluene,  and  purified  and  weighed  this.  Talbot 
et  al.,  (1941),  developed  a  colorimetric  method  in  which  they  deter¬ 
mined  the  free  pregnanediol  extracted  by  the  method  of  Astwood 
and  Jones,  by  means  of  the  yellow  colour  which  it  gives  with  concen¬ 
trated  sulphuric  acid.  This  considerably  increased  the  sensitivity 
of  the  method.  Gutermann  (1944,  1945)  developed  simpler  methods 
from  this.  A  careful  study  of  the  colorimetric  method  was  made 
by  Somerville,  Gough  and  Marrian  (1948),  who  published  a  rnethod 
which  is  probably  the  most  accurate  available  at  present.  Somer- 
'ville,  Marrian  and  Kellar  (1948)  then  developed  a  modification  of  this 
method  w’hich  could  be  carried  out  on  100  ml.  of  urine  and  so  only 
requires  the  collection  of  a  single  morning  specimen.  This  last 
method  has  been  further  studied  and  slightly  modified  by  Henderson 
et  al,  (1949).  Tompsett  (1950)  has  published  a  modified  gravimetric 
method  which  weighs  free  pregnanediol.  Finally,  it  may  be  noted 
that  Mack  and  Parks  (1947,  1949)  extracted  the  pregnanediol  from 
the  whole  of  an  overnight  specimen  of  urine  and  roughly  estimated 
this  by  assessing  the  amount  of  turbidity  produced  when  it  was 
precipitated  from  acetone  by  dilute  sodium  hj^droxide. 


Gravimetric  Estimation  as  Sodium  Pregnanediol  Glueuronide 

Method  of  Venning  (1937,  1938,  1950  ;  see  also  Haslewood,  19o0) 


70°  C.,  20  mm.  mercury. 

2.  N/10  Sodium  hydroxide. 


perature  below  20  C.  1 
of  tricresol  per  litre,  or 
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refrigerator  until  used.  Risset  et  al.  (1948)  used  3  grams  of  a  mixture 
of  2  parts  thymol  to  1  part  of  salicylic  acid,  finely  powdered. 

ILse  a  v^olume  of  urine  which  is  thought  to  contain  10  to  20  mg. 
of  conjugated  pregnanediol,  that  is,  about  6  to  12  mg.  of  free  preg- 
nanediol.  To  get  such  an  amount,  it  may  be  necessary  to  use  up 
to  a  forty-eight  hour  specimen  when  examining  urines  from  an 
ordinary  menstrual  cycle  or  in  early  pregnancy,  but  in  later  pregnancy 
a  litre  or  less  will  be  sufficient. 

Extract  the  urine  three  times  with  normal  butyl  alcohol  using 
200,  100,  and  100  ml.  per  litre  of  urine.  Shake  gently  twenty  to 
twenty-five  times  at  each  extraction  and  stand  about  fifteen  minutes 
for  separation  of  the  layers.  Avoid  vigorous  shaking  since  this 
extracts  more  impurities  and  so  gives  a  less  pure  final  precipitate. 
Shake  the  combined  extracts  vigorously  in  a  separating  funnel  and 
stand  up  to  an  hour  to  obtain  a  clear  butyl  alcohol  layer.  Run  off 
the  lower  urine  layer  which  then  separates,  and  discard.  Evaporate 
the  clear  butyl  alcohol  layer  almost  to  dryness  under  reduced  pressure, 
dissolve  in  60  ml.  of  N/10  sodium  hydroxide,  and  extract  successively 
with  30,  20,  and  10  ml.  of  butyl  alcohol.  Wash  the  combined  extracts 
twice  with  5  ml.  of  distilled  water.  Evaporate  to  dryness  under 
reduced  pressure.  Dissolve  the  residue  in  exactly  5  ml.  of  water 
and  transfer  to  a  conical  flask  washing  out  with  small  volumes  of 
water.  Bring  the  volume  up  to  100  ml.  by  adding  chilled  acetone. 
Then  keep  at  10°  C.  for  one  hour,  centrifuge  the  mixture  for  ten 
minutes  and  remove  the  supernatant  fluid  without  disturbing  the 
deposit.  This  precipitate  is  next  dissolved  in  water,  the  volume  used 
depending  on  the  weight  of  deposit.  Use  2  ml.  of  water  if  the  weight 
is  less  than  5  mg.,  3  ml.  if  between  5  and  10  mg.,  and  5  ml.  if  over 
10  rng.  First  add  this  water  to  the  conical  flask  already  used 
dissolve  any  precipitate  still  remaining  in  this,  and  then  run  the 
liquid  into  the  centrifuge  tube  containing  the  precipitate.  Dissolve 
with  gentle  warming  and  then,  using  suction  and  a  small  paper, 
filter  into  the  conical  flask  already  used.  Wash  the  tube  and  the 
paper  with  small  volumes  of  acetone.  Bring  the  volume  to  100  ml 
with  chilled  acetone  and  place  in  the  refrigerator  for  an  hour.  Again 
centrifuge  and  remove  the  supernatant  fluid  without  disturbing  the 
deposit.  Dissolve  the  precipitate  in  10  ml.  of  hot  94  per  cent  ethyl 
alcohol  and  filter  into  a  30  ml.  tared  beaker.  Wash  out  the  conical 

mter  thi^Ts^' volumes  of  the  hot  alcohol  and 

. ,  ■  .  ^  residue  in  vacuo  over  phosphorus  pentoxide  Wei  ah 

o?  g2!  d-omposftion 

predSition  ■  f  glueuronide  with  each  acetone 

Ld  to  tl,l  ^  I  ^  f  proportional  to  the  amount  of  precipitate 
and  to  the  volmne  of  water  used  for  the  second  precipitation  The 

that  hiVsad"“  The  eonditilii.a 
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Is  not  entirely  pregnanediol  but  contains  some  pregnanolone  this 
does  not  make  any  significant  change  in  the  factor. 

Table  XXIX 

Recovery  of  Sodiurn  Pregnanediol  Glucuronide 
{From  “  Methods  in  Medical  Research f  Vol.  2.  Edited  by  J.  H. 
Comroe.  Year  Book  Publishers,  Chicago) 


Water  used  in  Second  Precipitation 

2  ml. 

3  ml. 

5  ml. 

Mg. 

precipitate 

%  recovery 

%  recovery 

%  recovery 

3-4 

62 

60 

— 

5-8 

— 

70 

65 

9-12 

— 

— 

71 

13-18 

— 

80 

19-25 

— 

■ 

1 

Hence  Mg.  Pregnanediol  excreted  daily 

Weight  of  precipitate  x  volume  of  twenty-four  hour  specimen  x  0-618  x  recovery  factor 
=  -  ~  Volume  of  urine  extracted 


Method  of  Sommerville,  Gough  and  Marrian  (1948) 

Reagents.  1.  Toluene.  Redistilled  “  sulphur  free.” 

2.  Concentrated  hydrochloric  acid.  (Analytical  reagent). 

3.  Normal  sodium  hydroxide. 

4.  Ethyl  alcohol. 

5.  N/10  sodium  hydroxide.  -  t  .  i 

6.  Hyflo-Super  Cel.  From  Johns-Manville  Co.  Ltd. 

7.  Norit  charcoal. 

8.  Concentrated  sulphuric  acid. 

TechniquT^^C^llect  a  twenty-four-hour  specimen  of  urine  using 
5  ml  of  toluene  as  preservative.  Make  up  to  2,500  ml.  and  take 
duolicate  500  ml.  samples.  Place  each  sample  m  a  litre  flask, 
ion  ml  toluene  and  bring  to  the  boil  under  a  reflux  condenser, 

CooiThelasr^p^y  in^coU  -ter  and  transfer  the  mixture  to  a 
Cool  tne  nasK  lapiui^  onH  allow  the  urine  laver  to 

750  ml.  ^egrmtmg  funneh  ^ 

XnTand^^lmilsion  through  a  Wha^^^^^^ 

Buchner  filter  funnel.  Return  portions  of  toluene,  each 

funnel  and  extract  twice  ;"';nhro^  the  same  filter 

time  filtering  the  toluene  filtrates  to  a  clean  separating  funnel. 
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bottomed  flask  and  evaporate  nearly  to  dryness  on  an  electric 
hot  plate  and  then  completely  to  dryness  under  reduced  pressure  on 
a  boiling  water  bath. 

Transfer  the  dry  residue  quantitatively  with  warm  ethyl  alcohol 
to  a  20  ml.  centrifuge  tube  and  evaporate  to  dryness  in  a  water  bath 
whilst  passing  a  stream  of  air.  Add  4  ml.  ethyl  alcohol  to  the 
residue  and  place  the  tube  in  a  beaker  of  water  at  75°  C.  Stir  with  a 
glass  rod  for  a  minute  to  dissolve  completely,  then  add  16  ml.  of 
N/10  sodium  hydroxide  drop  by  drop  from  a  burette  taking  three 
minutes  and  stirring  continuously  and  using  the  last  ml.  to  wash 
the  stirring  rod.  After  a  further  minute  at  75°  transfer  the  beaker 
of  water  and  tube  to  a  37°  C.  incubator  and  leave  overnight.  Add 
about  8  to  10  mg.  of  Hyflo-Super  Cel  stirring  with  a  glass  rod,  which 
is  then  washed  with  1  ml.  of  a  1  :  4  (v/v)  ethyl  alcohol-water  mixture 
to  avoid  loss  of  material  on  the  rod.  Centrifuge  the  tube  for  an  hour 
at  1,500  r.p.m.  Carefully  suek  off  the  supernatant  fluid  from  the 
precipitate  using  a  fine  glass  tube. 


Carry  out  two  further  precipitations  in  the  same  way,  using  water 
instead  of  sodium  hydroxide  solution  and  incubating  for  only  two 
hours.  It  is  not  necessary  to  use  any  of  the  Hyflo-Super  Cel  before 
centrifuging  after  these  two  precipitations. 

Add  5  ml.  of  ethyl  alcohol  to  the  final  precipitate  and  dissolve  by 
warming  with  stirring  at  about  75°  C.  Add  1  to  2  mg.  of  Norit  and 
warm  for  a  further  two  minutes.  Filter  through  a  small  Whatman 
No.  1  filter  paper  into  a  test  tube  1  inch  in  diameter,  washing  the 
centrifuge  tube  and  filter  three  times  with  2  ml.  of  warm  alcohol. 
Evaporate  filtrate  and  washings  in  a  water  bath  using  a  stream  of 
air  and  complete  the  drying  by  placing  in  a  vacuum  desiccator  over 
caleium  chloride  for  several  hours. 

Carry  out  the  colour  reaction  with  not  more  than  about  0-5  nm. 
of  the  final  product.  Should  there  appear,  on  inspection,  to  be 
more  than  this  amount,  dissolve  in  ethyl  alcohol  and  take  a  suitable 
aliquot,  ^ow  add  to  the  dry  pregnanedio),  10  ml.  of  concentrated 
.  1  phuric  acid  from  a  burette  and  leave  in  a  water  bath  at  25°  C 
for  twenty  minutes,  shaking  occasionally.  Measure  the  amount  of 

vfolerfifi  in  tlie  photoelectric  colorimeter,  using  a 

V  lolet  filter  or  transmission  at  420  millimicrons.  Prepare  a  calibra- 

o''o-5'‘mr  of  pure  pregnanediol  varving  from  0-1 

to  0  5  mg.  Check  this  curve  frequently  "  “ 

It  is  claimed  tl.at  this  ,„etl>od  is'  iatisfactorv  for  amounts  of 
pregnanediol  of  more  than  2  niff  ner  twentv  n  amounts  ot 


Rapid  Method  of  Henderson,  Ma^lagan,  Wheatley  and  Wilkinson 
statol  to  detect  an.ounts  down  to  O-d  „,g.  pregna!;ediol'';.:ri0«  ml! 
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Reagents.  1.  Toluene.  Redistilled,  sulphnr  free. 

2.  Concentrated  hydrochloric  acid.  Analytical  reagent  grade. 

3.  Sodium  hydroxide,  20  per  cci\t.  solution. 

4.  N/10  sodium  hydroxide. 

5.  Sodium  hydroxide,  2  per  cent,  solution  in  methyl  alcohol. 

6.  Concentrated  sulphuric  acid.  Analytical  reagent  grade. 

7.  Petroleum  ether,  b.  p.  40°  to  C0°  C. 

8.  Acetone. 

9.  Solution  of  pregnanediol.  One  mg.  per  ml.  of  alcohol  is  con¬ 
venient.  Allopregnanediol  can  be  obtained  from  Organon  Ltd. 

Technique.  Measure  100  ml.  of  urine,  10  ml.  of  concentrated 
hydrochloric  acid  and  50  ml.  of  toluene  into  a  flask  fitted  with  a 
condenser  with  a  ground-glass  joint  and  reflux  for  fifteen  minutes. 
Cool  to  room  temperature  and  transfer  to  a  separating  funnel.  Run 
off  the  urine  layer  and  wash  the  toluene  extract,  first  with  water, 
then  once  with  20  per  cent,  sodium  hydroxide,  twiee  with  N/10 
sodium  hydroxide  and  lastly  w'ith  water.  Boil  the  extraet  in  a 
100  ml.  beaker  on  an  electrie  hot  plate  until  all  traces  of  water  have 
been  removed.  Cool  a  little  and  add  10  ml.  2  per  cent,  sodium 
hydroxide  in  methyl  alcohol  (freshly  prepared  every  two  to  three 
days).  Evaporate  down  to  about  15  ml.  on  a  hot  plate.  Cool  and 
filter  through  a  sintered  glass  funnel  (porosity  3).  The  filtrate 
should  have  a  green  fluorescence  and  be  free  from  any  orange  or 
brown  tint.  IVash  the  precipitate  several  tunes  with  small  amounts 
of  toluene  and  evaporate  filtrate  and  washings  to 
reduced  pressure.  Dissolve  in  'i-S  ml.  of  hot  acetone,  add  47-5  ml. 
of  cold  N/10  sodium  hydroxide  and  bring  to  the  boil.  Stand 
room  temperature  for  one  hour.  A  visible  pr " 

appreciable  amount  of  pregnanediol  is  present 

cinitate  on  a  sintered  glass  funnel,  wash  several  times  with  water 
and  then  with  about  5  ml.  of  petrol  ether.  To  . 

cipitate,  pour  about  1(1  ml.  of  hot  acetone  trough  the  fo™' 
vcpvcral  nortions,  collecting  the  acetone  m  a  test  tube,  taretuny 
evaporate  off  the  acetone  in  a  50  ml.  beaker,  and  dissolve  the  residue, 

ivhe'n  cold,  in  10 
“inr-nounts'of  pregnanediol  u^ 

;,';<lr:xldr:n<Ur=?di:iillation.  f^o  not  allow  the  toluene  to 
come  into  contact  with  rubber. 

isolation  of  Pregnanediol  hom,  Urine  (Henderson  et  «  .. 

Helliix  2-5  litres  of  I’^f  ''twlo'room  temperature 

!:„1ttl!:titr:i'gr'ls  of  Hyirsuper  Cel  and  pass  through  a  3  X  1 
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inch  column  of  activated  alumina  (R.D.H.)-  Wash  the  column 
with  100  ml.  of  water  and  elute  with  250  ml.  of  hot  acetone.  Shake 
the  dark  brown  eluate  with  7  grams  of  ealeium  oxide.  This  removes 
some  of  the  water  and  some  of  the  eolour.  Filter  and  evaporate 
off  the  solvent,  and  extraet  the  residue  several  times  with  hot  acetone 
and  filter  the  extraet.  Evaporate  off  the  aeetone  and  dissolve  the 
residue  in  20  ml.  of  boiling  ethyl  aleohol.  Add  20  mg.  of  charcoal 
and  filter.  Treat  the  hot  filtrate  with  80  ml.  of  hot  water  and  heat 
to  boiling.  Stand  for  two  hours  to  allow  eomplete  preeipitation. 
Colleet  the  preeipitate  and  wash  wdth  light  petroleum  (b.  p.  40°  to 
60°  C.).  To  purify,  dissolve  in  15  ml.  of  hot  aeetone,  deeolorize  with 
chareoal,  treat  the  hot  filtrate  with  10  ml.  of  water  heated  to  60°  C. 
Henderson  et  al.,  obtained  a  product  which,  crystallized,  had  a  m.  p. 
232°  to  233°  C.  Further  reerystallization  from  aeetone  raised  the 
m.  }).  to  234°  C. 


INTERPRETATION 

Sinee  pregnanediol  is  derived  from  progesterone,  the  hormone  of 
the  eorpus  luteum  and  plaeenta,  it  is  present  in  the  urine  in  appre- 
eiable  amounts  during  the  luteal  phase  of  the  menstrual  eyele  and  in 
eonsiderable  quantities  during  pregnaney.  The  normal  menstrual 
eyele  can  be  divided  into  two  approximately  equal  parts,  the  follicular 
phase  from  the  beginning  of  bleeding  to  the  rupture  of  the  folliele 
and  diseharge  of  the  ovum,  and  the  luteal  phase  beginning  with 
ovulation  and  formation  of  the  eorpus  luteum  and  eontinuing  until 
bleeding  begins  again. 

Values  for  the  Normal  Menstrual  Cycle.  Until  recently  the  Venning 
method  was  used  by  the  majority  of  workers  so  that  most  of  the 
figures  available  were  obtained  by  this  method.  Very  little  preg¬ 
nanediol  is  exereted  during  the  follieular  stage  of  the  menstrual  eyele, 
but  beginning  about  one  to  two  days  after  ovulation  there  is  increased 
output  to  about  3  to  5  mg.  daily  (Venning  and  Browne,  (1938)  ; 
Wilson,  Randall  and  Osterberg  (1939)  ;  Hamblen,  Ashley  and 
Baptist  (1939)  ;  Hain  and  Robertson  (1939)  ;  Stover  and  Pratt 
(1939)  ;  Cope  (1940)  ).  From  then,  until  one  to  three  davs  before 
bleeding  begins,  a  total  amount  of  40  to  50  mg.  is  exereted.  How¬ 
ever,  this  quantity  is  very  variable  and  a  range  of  3  to  50  has  been 
given^by  Wooster  (1942).  Henderson  et  al.  found  a  eoneentration  up 
to  1-5  mg.  per  100  ml.  in  the  morning  urine  during  this  period, 
because  of  the  variability  and  the  eomparativelv  small  quantities 
involved,  the  determination  cannot  easily  be  used  for  ascertaining 
the  time  of  ovulation.  Even  for  showing  whether  ovulation  has 
occurred  the  determination  must  be  made  over  several  days  to  show 
the  exeretion  of  a  sigmfieant  amount. 

Values  for  Pregnancy.  In  pregnancy  during  the  first  three  months 

ex[?etion'c«rlf''"‘'‘l'  there  is  an 

excrehon  corresponding  in  aiiioiiiit  to  that  during  the  luteal  phase 

of  the  nieiistriial  eyele.  Kroiii  that  point  oinvarcls  there  is  a  steeP 

rise  to  a  daily  output  of  III  to  loo  mg.  (Venniiiff  ll<nRl  ■ 

and  Itaiidal,  (,o:«,  i  .Jones  e,  id..  (Iflfdt)  ‘  I^thl^diyffnlmedlald^^ 
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preceding  labour  there  is  a  marked  fall  in  the  amount  of  pregnanediol 
excreted.  Attempts  have  been  made  to  use  the  determination. 

(a)  As  a  Pregnancy  Test.  Gutermann  (1944,  1945)  first  suggested 
use  of  the  pregnanediol  excretion  in  diagnosing  pregnancy.  He  used 
a  roughly  quantitative  test  and  claimed  93  per  cent,  "accuracy,  a 
higher  figure  than  that  obtained  by  almost  all  other  investigators. 
Thus,  Reinhart  and  Barnes  (1946)  found  69  per  cent,  accurate, 
Merivale  (1948)  64  per  cent.,  whilst  Swyer  (1949),  using  a  modified 
Gutermann  procedure  on  a  morning  specimen  and  a  minimum  level 
of  4  mg.  pregnanediol  per  litre  of  urine  for  a  positive  test,  obtained 
67  per  cent,  correct  results.  Using  the  method  of  Somerville  et  al., 
Swyer  achieved  an  accuracy  of  82  per  cent.  Henderson  et  al., 
(1949-50)  used  morning  specimens  of  urine  and  their  method 
described  previously  (p.  447).  They  conclude  tentatively  that  in 
early  pregnancy  up  to  sixteen  weeks  the  concentration  of  pregnanediol 
is  no  greater  than  that  found  in  the  luteal  phase  of  a  normal  menstrual 
cycle.  A  reliable  menstrual  history  is  essential  in  assessing  results. 
Using  a  value  of  over  1-5  mg.  per  100  ml.  as  diagnostic,  only  27  per 
cent,  of  positive  results  was  obtained.  A  missed  period  and  the 
presence  of  pregnanediol,  hoAvever,  was  found  in  91  per  cent,  of  cases. 
The  authors  state  that  though  not  observed  by  them,  similar  findings 
have  been  reported  by  other  workers  in  cases  of  luteal  ovarian  cyst 
and  in  arrhenoblastoma  of  the  ovary.  The  absence  of  pregnanediol 
on  one  occasion,  seen  in  the  remaining  9  per  cent,  of  their  cases,  did 
not  exclude  pregnancy.  Later  repetition  usually  gave  a  positive 
result.  A  false  negative  in  pregnancy  was  not  obtained  later  than 
ten  weeks  from  the  last  menstrual  period. 

It  may  be  concluded  that  taken  in  conjunction  with  a  missed- 
period  an  accuracy  of  about  90  per  cent,  may  be  achieved.  This  is 
less  than  that  obtained  with  the  biological  tests  in  use.  Its 
advantage  lies  in  its  speed  since  a  result  can  be  obtained  in  a  few 

hours,  if  the  Henderson  method  is  used. 

(h)  Use  in  Cases  of  Threatened  Abortion.  There  is  a  lower  average 
level  of  pregnanediol  in  cases  which  subsequently  abort  than  those 
in  which  pregnancy  continues  to  full  term.  A  fall  in  pregnanediol 
excretion  often  occurs  some  days  before  chnieal  signs  appear  m  cases 
which  abort.  Swyer  obtained  72  per  cent  correct  against  93  per 
cent,  by  Gutermann  (1946).  See  also  Ham  (1940),  Lyon  1946) 
and  Bender  (1948).  It  has  been  suggested  that  the  test  might  gn 
useful  prognostic  information  in  patients  who  have  had  repcate 

abortions-ii  whether  the  determination  will  gam  a  definite 

place  in  ordinary  routine  use. 
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oestrone 


oestradiol 


oestriol 


carbon  18.  There  is  no  side  chain  at  17  so  that  the  oestrogens  are 
Cjg  compounds. 

Chemical  Estimation  (Stevenson,  M.  F.,  and  Marrian,  G.  F.  (1947)  ) 

Most  of  the  work  done  on  the  chemical  assay  of  oestrogens  has 
used  the  Kober  method  (Kober,  1931).  After  acid  hydrolysis  of 
the  glucuronates  and  sulphates,  in  which  form  oestrogens  occur  in 
urine,  ether  extraction  is  carried  out  and  the  ether  extract  washed 
with  bicarbonate  to  remove  acidic  substances.  A  red  colour  is  then 
developed  with  phenol  and  sulphuric  acid.  A  review  of  the  work 
done  on  this  reaction  is  given  by  Haslewood  (1950). 

Reagents.  1.  Concentrated  hydrochloric  acid. 

2.  Ether  (peroxide  free).  Shake  analar  ether  with  a  small  amount 
of  1  per  cent,  ferrous  sulphate  solution  freshly  prepared,  decant  off 
the  ether,  and  distil. 

3.  Sodium  bicarbonate,  5  per  cent,  solution  (w/v). 

4.  Ethyl  alcohol. 

5.  Benzene. 

6.  Sulphuric  acid,  10  per  cent.  (v/v). 

7.  Normal  sodium  hydroxide. 

8.  Kober  reagent.  Use  pure  sulphuric  acid  and  freshly  redistilled 
phenol  (measured  at  60°  C.)  in  proportion  of  14  to  9.  Add  the  acid 
slowly  to  the  phenol,  exclude  all  traces  of  moisture,  and  prevent  the 
temperature  from  rising.  Allow  the  pipettes  to  drain  thoroughly. 
Mix  well  and  keep  in  a  glass-stoppered  bottle. 

9.  Standard  solution  of  pure  oestriol,  3  mg.  per  100  ml.,  in  ethyl 
alcohol.  1  ml.  =  30  fig. 


Technique.  Collect  a  twenty-four  hour  specimen  of  urine  using 
toluene  as  a  preservative.  Dilute  to  2-5  litres.  IMeasure  out  100  ml. 
and  bring  to  the  boil  under  a  reflux  condenser.  Run  15  ml.  of  con¬ 
centrated  hydrochloric  acid  down  the  condenser  and  boil  for  thirtv 
minutes,  cool,  and  extract  three  times  with  ptbpr  nciiifi-  loo 


0  0  2 
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times  with  ether,  using  100,  50,  and  50  ml.  Wash  the  eoinbined 
extraets  twice  witli  20  ml.  of  5  per  cent,  bicarbonate.  Again  extract 
the  washings  with  20  ml.  ether  anti  add  to  the  washed  ether  extract. 
Wash  the  whole  of  this  ether  extract  three  times  with  20  ml.  water. 

Evaporate  to  dryness.  Dissolve  the  residue  in  ethyl  alcohol. 
For  the  colour  development  take  a  portion  of  the  alcoholic  solution, 
which  contains  between  10  and  80  /xg.  of  oestrogen  and  which  is 
equivalent  to  not  more  than  2  per  cent,  of  the  twenty-four  hour 
urine.  If  an  amount  equivalent  to  more  than  2  per  cent,  is  used,  a 
precipitate  may  form  during  the  fading  procedure  used  later. 
Evaporate  off  the  alcohol  in  a  stream  of  air  in  test  tubes  about  2  cm. 
in  diameter,  graduated  at  8  ml.  and  15  ml.  Add  3  ml.  of  the  Kober 
reagent  to  the  dry  residue  and  heat  the  tube  in  a  boiling  water  bath 
for  twenty  minutes.  Cool  in  an  ice-salt  freezing  mixture,  add  3  ml. 
of  water,  "and  mix  well.  Heat  for  three  minutes  in  a  boiling  water 
bath,  cool  to  room  temperature  by  placing  in  water  and  make  to 
15  ml.  with  10  per  cent,  sulphuric  acid  (v/v).  Read  in  the  colorimeter 
using  a  green  filter,  or  transmission  at  520  millimicrons.  Heat  8  ml. 
left  in  the  tube,  in  a  boiling  water  bath  for  one  and  a  half  hours  to 
fade  the  pink  colour  due  to  the  oestrogens.  Cool  and  make  to  8  ml. 
with  water  to  replace  that  lost  by  evaporation.  Again  read  at 
520  millimicrons.  Take  the  difference  of  these  two  readings  and 
read  the  amount  of  oestrogens  present  (as  oestriol)  on  a  calibration 
Qiij-yg  prepared  by  treating  known  amounts  of  oestriol  in  the  same  \\  a\ . 
Stevenson  and  Marrian  found  that  the  fading  technique  gave  more 
significant  corrections  the  smaller  the  amount  of  oestrogens  and  that 
for  urines  containing  more  than  about  15  mg.  per  twenty-four  hours 
a  correction  was  no  longer  necessary.  They  conclude  also  that  little 
quantitative  significance  can  be  placed  on  results  giving  less  than 
2  niff,  per  twenty-four  hours. 

Note.  CEstriol  is  extracted  by  sodium  carbonate  from  a  benzene 
solution  whereas  oestrone  and  oestradiol  are  not.  Separation  into 
these  two  fractions  can  be  carried  out  in  this  way,  and  the  oestrone 
and  oestradiol  then  estimated  by  the  Kober  reaction  as  above,  the 
oestrone  by  the  Zimmerniann  reaction  with  metadinitrobenzene. 

IdiTovarv  secretes  chiefly  oestradiol,  the  placenta  chiefly  oestriol, 
though  wSfappreciablc  aniounts  of  estradiol  and  estrone.  unng 
the  normal  menstrual  cycle  estrogens  are  secreted  >l'"-  8  both  1  e 
follicular  an<l  luteal  i-hascs  since  they  are  I’™'""  '  ^  od 

Graafan  follicle  ^ a^lxinumf  the 

iScTf  rs 

aepIXeed  bfthe  corpus  exceed  ‘aboutT)d“n"s- 

in  the  normal  menstrual  cycle  , ‘^  Sf  h  veeS  there  is  a  marked 

^  r:r;r£,  . . . . - 
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pregnant  women.  As  much  as  10  mg.  and  over  may  be  excreted 
daily. 

The  above  chemical  method  can  only  be  used  for  determining 
oestrogens  in  the  later  stages  of  pregnancy.  Thus  Marrian  (1946-48) 
states  that  it  is  doubtful  whether  any  of  the  methods  used  for  correct¬ 
ing  for  the  brown  colour  produced  by  non-oestrogenic  substances  are 
rehable  when  less  than  about  2  mg.  of  oestrogens  are  present  in  a 
twentv-four  hour  specimen  and  concludes  that  the  value  of  the 
method  when  applied  to  the  urine  of  non-pregnant  women  is  doubtful. 
Furthermore,  it  has  very  little  use  in  disease  in  non-pregnant  women. 
A  small  increase  has  been  reported  in  ovarian  granulosa  cell  tumours 
and  in  hyperactivity  of  the  adrenal  cortex,  but  these  increases  are 
not  sufficiently  great  to  be  measured  by  the  chemical  method. 
Increases  have  also  been  reported  in  liver  diseases,  and  are  attributed 
to  diminished  destruction,  inactivation,  or  excretion  by  the  liver. 

Biological  methods  are  described  by  Emmens  (1951). 


CORTICOSTEROIDS 


Steroids  responsible  for  the  part  played  by  the  adrenal  cortex  in 
such  processes  as  salt  and  water  regulation  and  carbohydrate  meta¬ 
bolism  are  known  as  corticosteroids.  They  have  the  full  number  of 
21  carbon  atoms  shown  in  formula  II  (p.  433)  since  in  addition  to  the  two 
methyl  groups  on  atoms  10  and  13  they  have  a  —  CO.CHgOH  side 
chain  at  17.  Most  have  an  oxygen  atom  on  carbon  atom  11  either 
as  part  of  a  hydroxyl  group  or  forming  a  ketone  group  with  that 
carbon  atom.  For  this  reason  they  are  also  described  as  11-oxy- 
steroids.  Examples  of  corticosteroids  are 


CHoOH 

I  I 


CHapn 


CHo  OH 

I 

CO 


GH-OH 

I 

CO 
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It  appears  that  in  steroids  responsible  for  the  role  of  the  adrenal 
cortex  in  carbohydrate  metabolism  there  must  be  a  ketone  group 
at  carbon  3,  an  oxygen,  either  hydroxyl  or  ketone,  on  carbon  11,  and 
the  side  chain  at  17.  For  the  action  on  salt  metabolism  only  the 
groups  at  3  and  17  are  required.  Thus  it  has  been  held  that  desoxy- 
corticosterone  does  not  influence  carbohydrate  metabolism  so  that 
hypoglycaemia  still  occurs  when  it  is  used  in  the  treatment  of 
Addison’s  disease.  However,  it  has  been  suggested  (Verzer  and 
W  enner,  1948)  that  under  some  circumstances  desoxycorticosterone 
can  influence  carbohydrate  metabolism. 

Chemical  methods  used  for  determining  urinary  corticosteroids 
extracted  from  urines  have  been  of  three  types. 

1.  Oxidation  of  the  side  chain  at  17  by  periodic  acid  to  give 
formaldehyde,  a  principle  used  by  Corcoran  and  Page  (1948)  and 
by  Daughaday  et  al.,  (1948).  The  formaldehyde  is  distilled  over  and 
estimated  colorimetrically  using  the  colour  given  with  chromotropic 
acid.  Bassil  and  Hain  (1950)  used  Conway  units  for  this  purpose. 
Rabinowitch  et  al.,  (1951)  have  published  a  simplified  form  of  this 
method. 

2.  Reduction  of  phosphomolybdic  acid.  Molybdenum  blue  is 
formed  and  measured  colorimetrically.  See  Heard  and  Sobel  (1946), 
and  Heard,  Sobel,  and  Venning  (1946),  and  Sprechler  (1950). 

3.  Reduction  of  alkaline  copper  solutions.  This  method  was 
introduced  by  Talbot  et  al.,  (1945)  and  has  been  studied  recently  by 
Cope  and  Bain  (1951),  and  by  Robinson  and  Norton  (1950-5p. 

All  these  methods  include  considerable  quantities  of  inactive 
substances  in  addition  to  the  active  corticosteroids.  The  figures  for 
the  normal  ranges  are  different.  Talbot  et  al.,  suggested  partitioning 
between  benzene  and  water  and  considered  the  portion  of  neutral 
reducing  steroids  entering  the  water  more  significant  m  Addison  s 
disease.  At  present,  however,  it  appears  doubtful  whether  such 
fractionation  gives  any  more  information  than  measurement  of  tlie 
total  amount  of  reducing  substances  as  determined  by  these  methods. 
Methods  for  corticosteroids  have  been  reviewed  by  Venning  and 
others  (see  Venning  (1950)  ). 


Determination  of  Urinary  Corticosteroids 
Copper  Reduction  Method  for  Total  Neutral  Reducing  Steroids  (Cope 

Trstfrddilre'litraeted  after  acidifying  to  pH  1 
for  fifteen  to  eighteen  hours  by  the  method  suggested  by  Talbot 

(1<  4S)  Reduction  of  Nelson’s  copper  reagent  ,s  used,  the  amoun 

of  reduction  being  measured  eolorin.etrieally  after  adding  Nelson  s 

arsenomolybdate  reagent.  i 

Reagents.  1.  Chloroform,  redistilled. 

2.  Methyl  alcohol. 

3.  Concentrated  sulphuric  acid. 

4.  N/10  sodium  riq44,\  \  Prepare  on  the  day  of  use 

5  Copper  reagent  Nelson,  (1944)).  i  re  part  un  j 

by  iuMng  25  parts  of  solution  A  a.ul  I  part  of  solution  R. 
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Solution  A.  Dissolve  25  grams  of  anhydrous  sodium  carbo¬ 
nate,  25  grams  of  Rochelle  salt,  20  grams  of  sodium  bicarbonate, 
and  200  grams  of  anhydrous  sodium  sulphate  in  about  800  ml.  of 
water  and  dilute  to  1  litre.  Filter  if  not  clear.  Keep  at  not 


less  than  20°  C. 

Solution  B.  Dissolve  15  grams  of  copper  sulphate  (CUSO4, 
5H2O)  in  water  and  make  up  to  100  ml. 

0.  Nelson’s  arsenomolybdate  reagent  (see  p.  34). 

7.  Standard  solution  of  desoxycorticosterone  acetate,  20  mg.  per 
100  ml.  of  methyl  alcohol. 

Technique.  Collect  a  twenty-four-hour  specimen  of  urine  without 
using  a  preservative.  Measure  out  from  ^  to  ^  of  this  and  adjust  to 
pH  1  with  concentrated  sulphuric  acid.  Thymol  blue  can  be  used, 
taking  to  the  colour  of  the  extreme  acid  end  of  the  range.  Allow 
the  acidified  urine  to  stand  at  room  temperature  overnight  (fifteen 
to  eighteen  hours).  Extract  four  times  in  a  separating  funnel  with 
redistilled  chloroform,  each  time  using  a  volume  equal  to  about  15 
per  cent,  of  that  of  the  volume  of  urine  taken.  Note  the  total  volume 
of  chloroform  used.  Centrifuge  the  combined  chloroform  extract  which 
is  partly  emulsified.  Remove  the  clear  chloroform  layer  and  measure 
its  volume,  so  that  a  correction  can  be  applied  for  chloroform  extract 
not  separated.  Evaporate  this  clear  chloroform  extract  to  about 
30  ml.  in  an  all-glass  apparatus  under  reduced  pressure,  keeping  the 
water  in  the  water  bath  below  50°  C.  Transfer  the  residue  quanti¬ 
tatively,  washing  out  with  small  amounts  of  chloroform,  into  a  100  ml. 
separating  funnel.  Wash  three  to  four  times  with  5  ml.  portions  of 
N/10  sodium  hydroxide  and  then  three  times  with  5  ml.  of  water. 
Back  extract  each  washing  with  2  to  3  ml.  of  chloroform  and  add  this 
to  the  main  chloroform  extract.  Next  evaporate  the  washed 
chloroform  extract  to  dryness  under  reduced  pressure  as  above. 
Remove  traces  of  chloroform  by  adding  successively  three  5  ml. 
portions  of  methyl  alcohol  and  evaporating  these  under  reduced 
pressure. 


Dissolve  the  dry  brownish  residue  in  2  ml.  or  more  of  methyl 
alcohol.  ^  The  most  satisfactory  volume  to  use  is  that  which  gives 
100  to  150  pg.  of  reducing  substance  in  0-5  ml.  of  solution.  In  the 
case  of  normal  urines  0-5  ml.  of  extract  should  correspond  to  l/20th 

to  1  40th  of  the  daily  urine  volume  so  that  about  2  ml.  of  methvl 
alcohol  IS  required.  ^ 

Set  up  the  following,  using  Folin  sugar  tubes  (p.  31). 

1.  Test,  m  triplicate.  0-5  ml.  of  extract,  1  ml.  of  water,  and  1  ml 
of  copper  reagent. 

2.  Blank.  0-5  ml.  of  methyl  alcohol,  1  ml.  of  water,  and  1  ml  of 

copper  reagent.  ’  * 

1  nn  f  duplicate.  0-5  ml.  of  standard  solution  containhm 

100  f.g.  of  desoxycorticosterone  acetate,  1  ml.  of  water,  and  1  ml  of 
copper  reagent.  ^ 

CoolT^L'ig  -ter  ind^h:.";  IrTml'rf  The 

reagent.  Stand  for  ten  minutes,  shaking  o;casional‘;;!“Xd 
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5  ml.  of  water  to  each  tube.  Mix  well  and  filter  through  a  sintered 
glass  filter.  This  removes  the  variable  amount  of  turbidity  which  is 
often  present  and  interferes  with  the  colorimeter  reading.  A  filter 
paper  should  not  be  used,  since  this  adsorbs  some  of  the  blue  colour. 
Read  in  the  photoelectric  colorimeter  using  a  red  filter  or  transmission 
at  680  millimicrons. 

Calculation.  Mg.  total  neutral  reducing  steroids  per  twenty-four 
hour  urine 

Reading  of  unknown  Volume  of  twentv-four  hour  urine 

-  -  ^  _  - - - - -  X  0*1  X _ T - - - - 

Reading  of  standard  Volume  of  urine  extracted 

Total  volume  of  chloroform  used  in  extraction 
X  — 


X 


Volume  of  clear  chloroform  layer 
Volume  of  methvl  alcohol  solution 


0-5 


INTER  PRET  ATION 

The  daily  excretion  of  corticosteroids  by  this  method  ranges  from 
2  to  6  mg.  This  is  considerably  higher  than  the  figures  obtained  by 
other  methods.  Thus  using  the  phosphomolybdic  acid  reduction 
method,  Heard,  Sobel  and  Venning  found  a  normal  range  from  1-0 
to  2-1  mg.  This  difference  appears  to  arise  from  variations  in  the 
method  of  hydrolysis.  Cope  and  Bain  unlike  earlier  workers  allow 
the  acidified  urine*^  to  stand  fifteen  to  eighteen  hours.  Robinson  and 
Norton,  who  allow  to  stand  for  twenty-four  hours,  also  get  higher 
values  than  the  earlier  workers.  Heard  and  Sobel  acidified  to  pH  1, 
but  extracted  immediately,  whilst  Talbot  et  al,  extracted  immediately 
without  acidifying.  Acid  hydrolysis  on  standing  has  been  shown  to 
increase  the  amount  of  non-biologically  active  metabolites. 

Increases  have  been  observed  in  Cushing’s  disease  and  m  acro- 
megalv  Iniection  of  adrenocorticotrophic  hormone  of  the  pituitary 
produced  a  marked  increase,  50  mg.  by  100  per  cent  100  mg.  by 
over  300  per  cent.  Very  low  figures  were  not  obtained  m  Addison  s 
disease  though  lower  average  values  were  found.  Cope  and  Bam 
suggest  that  ^total  neutral  reducing  steroids  represent  metabolites 
whik  excretion  of  biologically  active  hormone  gives  a  measure  of 
unmetabolized  hormones  present  in  tbe  blood. 

Determination  of  corticosteroids  is  at  present  still  m  the  exper  - 
mental  stage  and  gives  little  additional  information  to  that  which 
cT;  be  obtained  f?o,n  other  soorecs.  Much  work  however,  is  m 
A  different  method  of  hydrolysis  has  been  dev  elope 

recently' using  the  enzyme 

Maytr’.'osf;  ^  Cope’ and  Hurloct  U  appears  from  work 

done  so’far  that  this  gives  much  higher  yields  than  any  of  the  me  i 

referred  to  above.  reaction  of  phenyl- 

hydrelerydrochlorWem 

. . . . . . 

Sec  also  addendum  ‘2,  p.  458. 
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,  f  to  t «  ">(!•  of  ascorbic  acid  and  10  grams  of 

I’tlv  rmwJered  Xs  i  stirs  to  dissoivc  for  no  more  than  a  minute, 

coot  tlSrs  thXrrsiutcm^  glass’mter,  standardises  and  adjusts,  and  stores 
in  a  refrigerator  in  small  bottles. 

1>  456  Some  of  the  corticosteroids  can  be  oxidized  to  17-ketostcroKLs\ 
^  ,  ,  nu53  lancet  1  1276)  determines  17-ketosteroKls  in  urine 

imf  after  oi/datt 

17^ketogenic  steroids,  gives  a  measure  of  the  corticosteroid  excretion. 


CHAPTER  XXIV 


CHEMICAL  EXAMINATION  OF  CEREBROSPINAL 

FLUID 


In  addition  to  the  cell  count,  bacteriological  examination,  and 
Wasserniann  reaction,  the  following  chemical  tests  are  commonly 
carried  out  on  cerebrospinal  fluid  :  determination  of  glucose,  chlorides, 
and  protein,  qualitative  test  for  globulin,  and  the  Lange  colloidal  gold 
curve.  It  is  only  rarely  that  other  tests  such  as  estimation  of  urea 
and  calcium  are  requested.  The  concentration  in  the  cerebrospinal 
fluid  of  certain  drugs  such  as  the  sulphonamides  may  sometimes  be 
required. 

The  fluid  ordinarily  examined  is  the  lumbar  fluid,  but  occasionally 
cisternal  and  ventricular  fluids  are  taken.  Any  differences  between 
these  fluids  will  be  indicated  under  the  various  constituents. 

Before  considering  the  methods  used  in  examining  these  fluids  it 
will  be  useful  to  say  something  about  their  appearance. 


Appearance 

Normal  cerebrospinal  fluids  are  clear  and  colourless  and  give  no 
coagulum  or  sediment  on  standing,  if  they  are  kept  sterile. 
Abnormalities  in  appearance  may  arise  in  regard  to  colour,  turbidity, 
and  the  presence  of  a  coagulum. 

Colour.  The  presence  of  blood  is  the  main  cause  of  an  abnormal 
colour.  Normally  no  red  blood  cells  should  be  present.  Some  may 
be  introduced  as  a  result  of  trauma  whilst  obtaining  the  fluid.  In 
such  cases,  the  first  few  drops  should  be  the  most  contaminated  so 
that  if  the  first  ml.  or  two  is  collected  separately,  the  subsequent 
fluid  should  be  almost  if  not  completely  clear.  Centrifuging  will 
reveal  the  presence  of  small  numbers  of  R.B.C.’s  not  easilv  visible 


They  are,  of  course,  seen  on  microscopic 


to  naked  eye  inspection, 
examination. 

Pathologically,  blood  may  be  present  in  subarachnoid  ha:*morrhage 
and  in  haemorrhage  into  the  ventricles.  Such  blood  is  more  homo¬ 
geneously  mixed  with  the  fluid  than  is  that  introduced  as  a  result  of 
trauma,  so  that  there  is  not  the  same  disappearance  of  red  cells  after 
the  first  ml,  or  two  of  fluid  has  been  withdrawn.  Furthermore 
h^niolysis  often  occurs  and  the  haemoglobin  thus  liberated  is 
ultimately  converted  into  bilirubin,  so  that  within  a  few  days  after 
such  a  haemorrhage,  the  supernatant  fluid  obtained  on  centrifumne 
becomes  coloured  yellow  to  a  depth  out  of  proportion  to  the  number 
of  red  cells  present.  These  are  in  fact  disappearing  and  may  have 
disappeared  completely.  The  colour  of  fluids  fr^i  the  lumbar 
region  in  cases  m  which  there  is  a  complete  block  due  to  spinal 

is  give’:,  f ' 
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numhoi^of  increase  in  the 

number  of  cells  or  when  organisms  are  present  and  so  is  found  in 

meningitis  more  esjieeially  m  the  coeeal  forms.  Fluids  from  eases 

ot  tuberculous  meningitis  are  not  as  a  rule  turbid.  At  least  400  to 

MO  polymorphs  per  e.  mm.  are  needed  to  give  visible  turbidity. 

ghly  purulent  fluids  may  be  obtained,  for  example,  in  streptoeoeeal 
meningitis  but  have  been  less  common  since  the  introduction  of  the 
sulphonamides  and  penicillin.  Small  numbers  of  red  cells  may  also 
give  fluids  an  opalescent  appearanee.  If  traces  of  substances  such 
as  alcohol  are  mixed  with  the  fluid  during  its  colleetion  some 
opalescence  may  result. 

Coagula.  I  ibrin  clots  may  form,  on  standing,  in  pathological 
fluids  containing  fibrinogen,  which  is  usually  onlv  found  when  there 
IS  a  considerable  increase  in’  protein,  the  fluids  with  a  very 
high  protein  content  obtained  in  some  cases  of  spinal  tumour  may 
set  solid  on  standing.  In  tuberculous  meningitis  a  fine  web-like 
coagulum  sometimes  forms  if  the  fluid  is  allowed  to  stand  overnight. 
Such  a  web  may  take  up  tubercle  bacilli,  which  are  more  easily  seen 
if  this  is  examined  microscopically.  Hence  it  may  be  useful,  if  this 
is  possible,  to  leave  part  of  the  specimen  to  stand  overnight  whilst 
examining  the  rest  immediately. 


GLUCOSE 


Determination  of  Glucose 

This  may  be  carried  out  by  any  of  the  blood  sugar  methods  in  use. 
Since  the  amount  of  sugar  as  thus  determined  tends  to  be  a  little 
low'er  in  cerebrospinal  fluids  than  in  blood,  some  workers  use  a  larger 
volume  of  fluid  than  is  used  for  blood.  This  makes  for  greater 
accuracy,  particularly  as  the  most  important  abnormality  is  a  reduced 
glucose  content.  The  methods  can  easily  be  adapted  to  use  twiee 
the  volume  taken  in  the  case  of  blood.  This  is  perhaps  more  essential 
in  the  case  of  the  titrimetric  than  with  colorimetric  methods  which 
are  for  the  most  part  more  suited  to  the  measurement  of  small 
amounts  of  glucose. 

INTERPRETATION 

The  sugar  content  of  normal  lumbar  fluid  is  usually  between  50 
and  80  mg.  per  100  ml.,  though  a  range  of  45  to  100  is  often  allowed. 
It  is  thus  slightly  lower  than  the  blood  sugar.  The  ventricular  fluid 
sugar  is  rather  higher  than  the  lumbar  and  approximates  to  the  lilood 
sugar. 

The  most  important  pathological  change  is  the  decrease  which 
occurs  in  meningitis.  In  meningitis  due  to  the  various  eocei 
meningococci,  pneumococci,  streptococci,  staphylococci  the  glucose 
often  disappears  completely  from  the  fluid.  In  tuberculous  menin¬ 
gitis,  however,  although  the  sugar  content  is  reduced,  it  is  rarely 
completely  absent,  being  usually  between  10  and  I'd  mg.  per  100  ml. 
In  benign  lymphocytic  choriomeningitis  the  sugar  is  often  normal,  or 
very  nearly  so,  but  may  occasionally  be  decreased  to  as  low  as  20  mg. 
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per  cent.  In  syphilitic  meningitis  it  is  almost  always  within  normal 

limits.  .  „  \  4.- , 

Very  small  increases  have  been  found  in  some  cases  of  encephalitis 

and  cerebral  abscess,  but  this  is  of  little  diagnostic  value.  Con¬ 
siderable  inereases  are  found  in  diabetes  mellitus  when  the  blood 
sugar  is  increased,  though  the  blood-sugar  is  often  rather  higher 
than  the  eerebrospinal  fluid  sugar.  Low  fluid  sugars  are  found  in 
hypoglycaemia. 

Otherwise,  and  henee  in  most  conditions  in  which  the  cerebro¬ 
spinal  fluid  is  examined,  the  glucose  content  is  within  normal  limits. 

Streptomycin  can  reduce  alkaline  copper  solutions  but  only  does 
so  sufficiently  to  impair  the  reliability  of  glucose  estimations  if  the 
fluid  is  taken  shortly  after  intrathecal  injection  of  streptomycin 
(Smith,  1952). 

CHLORIDES 

Determination  of  Chlorides 

It  is  possible  to  titrate  most  cerebrospinal  fluids  directly  with  an 
appropriate  silver  nitrate  solution  using  potassium  chromate  as 
indicator. 

Reagents.  1.  Silver  nitrate  solution.  Dissolve  2-907  grams  of 
silver  nitrate  in  water  and  make  up  to  500  ml.  Check  at  intervals 
against  a  standard  sodium  chloride  solution.  A  1  per  cent,  solution 
is  suitable.  One  ml.  of  this  should  require  5  ml.  of  the  silver  nitrate 
solution,  since  1  ml.  of  the  silver  solution  is  equivalent  to  2  mg.  of 
NaCI  and  hence  to  1  ml.  of  a  200  mg.  per  cent,  solution  of  sodium 
chloride. 

2.  Potassium  chromate,  10  per  cent,  solution. 

Technique.  Pipette  1  ml.  of  the  cerebrospinal  fluid  into  a  6  x  1 
inch  test  tube  containing  2  to  3  ml.  of  distilled  water.  Add  2  to  3 
drops  of  potassium  chromate  and  titrate  with  the  silver  nitrate  to 
the  usual  faint  brick  red  colour.  Normal  fluids  require  from  3-5  to 
3-8  ml. 

^  Calculation.  Mg.  chloride  per  100  ml.  of  cerebrospinal  fluid  (as 
^  aCl) 

=  ml.  of  silver  nitrate  solution  required  X  200. 

Notes.  1.  The  titration  is  more  accurate  with  2  ml.  of  fluid. 
However,  such  an  amount  of  fluid  is  not  always  available  and  it  is 
possible  to  get  quite  satisfactorv  results  with  I'ml.  If  2  ml  of  fluid 
is  used  multiply  by  100  in  the  calculation. 

really  high  protein-containing  fluids  it  is  advisable  to  use 
the  blood  methods,  but  this  is  not  often  necessary. 

3.  The  methods  for  blood  using  0-2  ml.,  given  on  p.  331-2  can  be 
nSicIls  available 

INTERPRETATION 

The  chloride  content  of  normal  cerebrospinal  fluid  whether  lumbar 
cisternal  or  ventricular,  lies  between  700  and  760  mg.  per  100  ml  ’ 

p  a“sm^  chSe  e  fi®"’  ‘“PPreciably  &gLr  than  the 

p  asma  chloride.  These  figures  are  expressed  as  sodium  chloride. 
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Tlie  most  important  alteration  is  in  meningitis,  when  there  is  a 
decrease  usually  to  between  700  and  600  mg.  per  eent.,  oeeasionally 
to  between  600  and  500.  The  reduetion  is  generally  more  marked 
in  tuberculous  than  in  coccal  meningitis.  It  is  very  unusual  for  the 
chloride  content  to  be  below  600  except  in  tuberculous  meningitis  and 
even  in  this  condition  such  low  figures  are  only  found,  as  a  rule,  late 
in  the  disease.  Very  occasionally,  even  in  tuberculous  meningitis, 
the  chlorides  may  be  almost  normal.  In  benign  lymphocytic 
choriomeningitis  chlorides  are  usually  normal  ;  there  is  never  more 
than  a  slight  fall.  In  all  other  diseases  of  the  nervous  system 
chlorides  are  within  normal  limits.  An  increase  is  sometimes  found 
in  hypertension  and  in  renal  disease. 

A  marked  reduction  in  plasma  chlorides  in  diseases  not  involving 
the  central  nervous  system  is  also  accompanied  by  a  low  concentration 
of  chloride  in  the  cerebrospinal  fluid. 


PROTEINS 

Determination  of  Total  Proteins 

Turbidimetric  methods  are  most  commonly  used  though  some  of  the 
colorimetric  methods  for  estimating  proteins  have  been  applied. 


I.  Method  of  Kingsbury,  Clark,  Williams,  and  Post 

The  turbidimetric  method  of  Kingsbury  et  al.  (1926)  is  widely  used. 
(See  also  King  and  Haslewood,  1936.)  The  fluid  is  treated  with 
salicylsulphonic  acid  and  the  resulting  turbidity  compared  with 
standard  tubes. 

Reagent.  Salicylsulphonic  acid,  3  per  cent,  solution. 


Preparation  of  Standard  Tubes.  These  tubes  contain  permanent 
suspensions  of  formazine  in  gelatin.  Dissolve  65  grams  of  pure 
gelatin  in  500  ml.  of  water  at  about  90°  C.  Stir  into  this  solution 
the  white  of  one  egg  mixed  with  about  twice  its  volume  of  water. 
Heat  the  mixture  on  a  water  bath  for  an  hour,  stirring  continuously. 
Filter  through  a  large  coarse  filter  paper  using  a  hot  funnel.  Keep 

the  clear  filtrate  at  50°  C.  .  o 

To  prepare  the  formazine  add  25  ml.  of  a  10  per  cent.  acFicou 

solution  o^f  hexamine  to  25  ml.  of  1  per  cent. 

m-mmer  shake  and  leave  overnight.  Shake  the  precipitate  o 
fbrmazine  which  forms  so  that  it  is 

"of  “io‘  per"S"r,na,dXy<W  •  1 ‘cl;  ellsures 
contain, „g  tS  ml.  ^  been  found  equivalent  to 

iiiiSiiiS 
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Tube 
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Stopper  the  tubes  when  cold,  cut  the  corks  level  with  the  top  of  the 
tubes  and  dip  the  stoppered  ends  in  wax.  The  standards  can  be 
checked  against  serum  solutions  standardized  by  a  Kjeldahl  estima¬ 
tion  of  the  protein  nitrogen  present.  It  is  recommended  that  the 
tubes  be  mounted  in  a  wooden  rack  painted  black. 

Sets  of  formazine  standard  tubes  can  be  purchased  from  Messrs. 
Gallenkamp,  London. 

Technique.  To  1  nd.  of  cerebrospinal  fluid  in  a  small  test  tube 
similar  to  those  used  for  the  standards,  add  3  ml.  of  the  3  per  cent, 
salicylsulphonic  acid  and  after  standing  five  minutes  compare  the 
turbidity  with  that  of  the  standards.  If  the  turbidity  is  greater  than 
that  of  the  100  mg.  per  cent,  standard,  dilute  the  fluid  with  saline 
and  repeat. 

Method  adapted  to  the  Photoelectric  Colorimeter.  Instead  of  com¬ 
paring  with  the  above  standards  the  amount  of  turbidity  can  be 
read  on  the  photoelectric  colorimeter.  To  prepare  a  standard 
curve,  dilute  serum  with  normal  saline,  determine  the  protein 
content  by  the  Kjeldahl  method  (see  p.  165),  and  adjust  to  100  mg. 
per  100  ml.  of  solution.  Set  up  from  this  a  series  of  tubes  as 
follows  and  add  6  ml.  of  salicylsulphonic  acid  to  each.  Stand 


Mg.  protein  per  100  ml.  C.S.F.  0  10  20  .30  40  50  (50  70  80  90  100 

Ml.  of  solution,  100  mg.  pro- 

tein  per  100  ml.  .  .0  0-2  0-4  0-6  0-8  1  0  1-2  1-4  1-6  1-8  2  0 

Ml.  of  water  .  .  .2  0  1-8  1-6  1-4  1-2  1  0  0-8  0  0  0-4  0-2  0 


for  five  minutes  and  read  in  the  colorimeter  using  a  red  filter 
or  transmission  at  660  millimicrons.  The  amount  of  turbidity 
obtamecl  on  mixing  1  rnl.  of  cerebrospinal  fluid  with  3  ml.  of  salicyl¬ 
sulphonic  acid  as  described  above  is  read  in  the  same  way  and  the 
protein  eontent  obtained  from  the  standard  eurve.  When  the 
protein  content  is  more  than  100  mg.  per  100  ml.  dilute  witli  saline 
so  as  to  bring  it  below  this  level. 

11.  Method  of  Meztrezet 

with  trichloracetic  acid  and  heat.  The 
f  compared  with  a  series  of  standard  tubes  prepared  from 
ne»T  f ''"°wn  protein  content  treated  in  the  same  way. 

Reagent.  Trichloracetic  acid,  SO  per  cent,  (w/v)  solution 
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content  by  one  of  the  methods  used  for  estimating  the  serum 
proteins.  Then  dilute  the  fluid  so  that  it  contains  exactly  100  mg. 
protein  per  100  ml.  Using  this,  prepare  a  series  of  tubes  as  follows, 
seratehing  the  protein  eontent  on  the  tube  with  a  diamond.  Take 
care  to  obtain  a  set  of  tubes  of  similar  cross-seetion,  5  x  i  inch  being 
suitable. 


Mg.  protein  per  100  ml.  C.S.F.  10  15  20  25  30  35  40  50  00  80  100 

Ml.  solution  containing  100 

mg.  protein  per  100  ml.  .  0-2  0-3  0-4  0-5  0-6  0-7  0-8  1-0  1-2  l-O  2  0 

Ml.  water  .  .  .1  8  1-7  1  0  1-5  1-4  1-3  1-2  1  0  0  8  0  4  0 


Add  0-3  ml.  of  the  30  per  cent,  trichloraeetie  acid  and  heat  the  tubes 
carefully  in  a  small  bunsen  flame,  or  better,  place  in  a  beaker  of 
boiling  water  for  tw'o  minutes.  Allow  to  cool  and  then  seal  off  the 
tubes.  Sterilize  by  heating  on  three  successive  days  for  one  hour  in 
a  bath  at  56°  C. 

Technique.  Take  2  ml.  of  fluid  in  a  test  tube  of  similar  bore  to 
that  used  for  the  standards,  add  0-3  ml.  of  30  per  eent.  trichloracetic 
acid  and  heat  as  described  for  the  standards.  Allow  to  cool  sponta¬ 
neously  and  then  compare  with  the  standards.  Comparison  is  good 
up  to  50  mg.  per  100  ml.  and  fairly  good  up  to  100  mg.  per  cent., 
but  above  this,  fluids  must  be  diluted  with  saline  so  as  to  bring  the 
protein  content  into  a  suitable  range,  preferably  to  between  20  and 
50  mg.  per  100  ml. 

Although  it  has  been  claimed  that  the  standards  keep  tor  years 
unchanged,  it  is  recommended  that  new  standards  be  made  every 
two  to  three  months.  If  serum  protein  estimations  are  being  carried 

out  regularly  this  can  easily  be  done. 

It  is  obvious  that  at  best  turbidimetric  methods  are  only  approxi¬ 
mate  because  of  the  difficulty  of  producing  particles  of  the  same  size 
each  time.  However,  they  are  simple  and  quiek  and  have  proved 
to  have  a  degree  of  accuracy  which  is  satisfactory  for  clinical  purposes. 
The  error  is  usually  less  than  10  per  cent,  but  occasionally  may  be  up 

^^The^^coffirimetric  methods  for  determining  proteins  have  been 
applied  and  adaptations  of  both  the  biuret  (see 
Andersch  1944  ;  Sundermann  and  bchmidt,  1944),  and  > 
methods  can  be  used.  In  addition  to  estimating  the  total  proteins, 
differential  estimation  of  albumin  and  globulin  can  be  made  by  thes 
methods  but  is  very  rarely  done. 

incTeli’selii^hrtofar;^  't’hrro.n, nones,  ahnor.nahty 
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found.  The  protein  in  sueli  eases  is  a  mixture  of  albumin  and 
globulin  with  the  former  greatly  preponderating.  The  globulin  tests 
described  below  give  a  rough  index  of  the  globulin  increase.  As  we 
have  seen,  fibrinogen  may  be  present  in  some  fluids  in  which  there  is 
a  eonsiderable  inerease  in  protein  and  may  give  rise  to  a  clot  on 
standing. 

An  indication  of  the  extent  to  which  the  proteins  are  inereased  in 
various  diseases  is  given  later  in  this  ehapter.  It  is  seen  that  in 
many  eonditions  the  inerease  is  small,  rarely  exeeeding  100  mg.  per 
cent.,  though  inereases  of  up  to  400  mg.  per  100  ml.  are  not  infrequent 
in  the  different  types  of  meningitis,  in  polyneuritis,  and  in  tumours. 
Values  higher  than  this  are  rare,  though  occasionally  in  spinal  tumour 
in  which  there  is  a  complete  block,  lumbar  fluid  may  have  a  protein 
content  of  up  to  several  grams  per  100  ml.  and  may  thus  approach 
that  of  plasma. 

It  is  useful  to  note  those  conditions  in  which,  on  the  one  hand,  the 
protein  increase  is  associated  with  an  increase  in  cells,  and  those,  on 
the  other  hand,  in  which  the  cell  count  is  normal.  Cell  increase  with 
protein  increase  is  found  essentially  in  inflammatory  lesions  and  is 
seen  in  all  forms  of  meningitis,  in  tabes  dorsalis  and  general  paralysis 
of  the  insane,  and  in  poliomyelitis.  Small  increases  in  cells  may 
occur  in  i)olyneuritis  and  in  disseminated  sclerosis,  not  always  with 
a  protein  increase  in  the  latter  case.  Isolated  increase  in  proteins 
is  found  most  commonly  in  tumours  but  may  also  be  found  in 
neuritis  and  in  cerebral  arteriosclerosis. 

Qualitative  Tests  for  Globulin 

Two  tests  are  in  common  use  for  showing  the  presence  of  an 
increase  in  globulin  in  cerebrospinal  fluid,  the  Nonne-Apclt  and  the 
Pandy  tests. 


1.  Nonne-Apelt  Test 

The  gloljulin  is  precipitated  by  half-saturating  with  an.moniuin 
sulphate. 

Reagent.  Saturated  ammonium  sulphate  solution.  Dissolve  85 
pirns  of  ammonnun  sulphate  in  100  ml.  of  hot  distilled  water,  allow 
to  cool  overnight  apl  filter.  Keep  m  a  well-stoppered  bottle. 

whikf^U^L^'  J^aturated  solution  to  1  ml.  of  fluid 

vhilst  shaking.  Smaller  volumes  may  be  used  if  desired  so  lomr  as 
ccpial  volumes  of  the  two  are  mixed.  Stand  for  three  minutes  and 
read  the  amount  of  opalescence  or  turbidity  bv  inspection.  Report 
findings  as,  no  palesccncc,  slight  opalescence',  opalescence  marked 

r.c.B. 
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2.  Tandy’s  Test 

In  this  test  a  saturated  phenol  solution  is  used. 

Reagent.  Pandy’s  solution.  Prepare  by  dissolving  10  grams  of 
phenol  in  150  ml.  of  distilled  water.  The  solution  should  be  elear 
and  colourless. 

Technique.  Add  2  drops  of  cerebrospinal  fluid  to  2  ml.  of  Pandy’s 
solution.  Most  normal  fluids  show'  no  opalescence  at  all  and  none 
more  than  the  faintest  degree  of  opalescence.  The  test  is  reported 
as  showing  no  opalescence,  slight  opalescence,  opalescence,  marked 
opalescence  and  turbidity.  The  test  has  the  advantage  of  requiring 
only  2  dro])s  of  fluid  and  is  in  fact  rather  more  sensitive  than  the 
Nonne-Apelt. 

INTERPRETATION 

These  tests  give  a  rough  idea  of  the  extent  of  any  increase  in 
globulin.  Taken  in  conjunction  with  the  estimation  of  the  total 
protein  they  enable  an  approximate  comparison  to  be  made  betw^een 
the  globulin  increase  and  the  increase  in  total  proteins.  There  is  a 
more  marked  increase  in  globulin  for  a  given  rise  in  total  proteins  in 
conditions  such  as  general  ])ara lysis  of  the  insane,  tabes  dorsalis  and 
disseminated  sclerosis  than  there  is  in  most  other  conditions  involving 
the  central  nervous  system.  In  tabes  and  in  disseminated  sclerosis  a 
positive  globulin  test  can  be  obtained  with  fluids  which  show  no 
increase  in  total  ])roteins. 


Lange  Colloidal  Gold  Curve  n  .  i  u  i- 

This  test  depends  on  the  precipitating  action  of  some  of  the  globulin 
fraction  in  abnormal  cerebrospinal  fluids  on  a  colloidal  gold  solution 
under  controlled  conditions. 

Preparation  of  the  Gold  Sol.  Method  of  Maclagan  (1946) 
Reagents,  l.  One  per  cent,  gold  chloride  solution.  Oissolve 
1  gram  of  sodium  gold  chloride,  NaAuCl^,  m  double  distilled  watc  , 

and  make  up  to  100  ml.  with  the  same  water. 

2.  Sodium  citrate,  1-6  per  cent,  solution.  Make  uj)  m  double 

*Doiddrdistillcd  water,  for  making  up  the  solutions  and  the 
gold  sol  Redistil  ordinarv  distilled  water  from  an  all-glass  still  into 
I  glass  vessel.  Pyrex  glassware  is  suitable  and  may  be  used  throng 

""'Technirue  The  gold  sol  can  be  made  in  any  desired  amount. 
BrTng^he  double  distilled  water  to  a  brisk  boi  m  a  ."u^^ble  flat- 

Lttorned  flask  and  add  1  ml.  of  1  per  ^^^f^“ter  After 

of  1-6  per  cent,  sodium  citrate  solution  per  100  ml.  of  ^ 

boi  ing  for  a  few  seconds  reduce  the  flame  and 

the  sefies  of  colour  changes  which  ^  ’Zee  a 
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mouth  of  the  llask  and  allow  to  cool, 
weeks  if  well  protected  and  if  pipettes 
it.  It  is,  however,  safer  to  prepare 
should  be  done  if  convenient. 


The  solution  keeps  well  for  some 
are  Jiot  introduced  directly  into 
freshly  every  few  days  and  this 


Oxalate  Method  of  preparing  the  Gold  Sol 

Reagents.  1.  One  per  cent,  gold  chloride  solution  as  above. 

2.  One  per  cent,  neutral  potassium  oxalate  solution. 

3.  One  per  cent,  potassium  hydroxide  solution. 

4.  Double  distilled  water  as  above  for  all  solutions. 

Technique.  Measure  out  100  ml.  of  double  distilled  water  into  a 

250  ml.  Pyrex  flask  and  add  1  ml.  of  the  oxalate  solution  and  0-32  ml. 
of  the  hydroxide.  Bring  to  the  boil  and  whilst  boiling  add  1  ml.  of 
the  gold  solution,  drop  by  drop.  Continue  boiling  for  a  few  seconds 
and  then  allow  to  cool.  The  solution  as  above  should  be  clear  cherry 
red  without  any  fluorescence.  The  amount  of  hydroxide  needed  has 
to  be  determined  empirically  but  in  the  author’s  experience  is  fairly 
uniformly  found  to  be  as  stated  for  good  quality  sodium  gold  chloride. 

All  glassware  should  be  thoroughly  cleaned  before  use.  Wash 
with  acid,  steam,  wash  with  distilled  water  and  allow  to  stand  filled 
with  double  distilled  water  until  used. 

There  is  still  a  certain  fortuitous  element  in  the  preparation  of 
satisfactory  gold  sols.  See,  for  example,  Maclagan’s  experience  with 
corks  (Maclagan,  1946).  The  author  had  a  similar  experience. 
Furthermore,  differences  may  be  observed  between  distilled  water 
from  different  stills.  Thus,  better  results  may  sometimes  be  obtained 
with  once  distilled  water  than  with  double  distilled. 


Technique  for  the  Lange  Gold  Curve 

A  series  of  dilutions  of  cerebrospinal  fluid  are  prepared  and  gold 
sol  added  to  each.  Any  colour  change  is  noted. 

(a)  Using  Sodium  Cldoride  as  Diluent.  Reagents.  1.  Gold  sol. 
Prepare  as  above.  In  the  case  of  the  citrate  method  add  1-33  ml. 
of  0-02  N  sodium  hydroxide  to  each  100  ml.  of  solution.  This 
quantity,  which  is  recommended  by  Maclagan  has  also  been  found 
satisfactory  by  the  author,  but  may  be  altered  in  the  light  of  experi¬ 
ence.  The  oxalate  sol  prepared  as  described,  if  satisfactory  in  colour 
is  ready  for  use. 

2.  Sodium  chloride,  0'26  per  cent,  solution.  This  can  be  prepared 
by  diluting  a  4  per  cent,  solution  just  before  use. 

Technique.  Prepare  a  rack  of  ten  clean  test  tubes— five  by  |  inch 
tubes  are  suitable.  Clean  by  washing  as  described  above. 

Pipette  1'8  ml.  of  the  salt  solution  into  the  first  tube  and  1  ml 
into  each  of  the  remaining  tubes.  Add  0-2  ml.  of  cerebrospinal  fluid 
to  the  first  tube,  mix  well,  withdraw  1  ml.  of  the  mixture  and  add  to 
tube  two.  Mix  and  again  withdraw  1  ml.  and  add  this  to  tube  three. 
Proceed  in  this  way  along  the  tubes,  finally  discarding  1  ml.  from  the 
last  tube.  Then  add  5  ml.  of  the  gold  sol  to  each  tube,  mix,  and  allow 
to  stand  overnight.  The  results  are  read  using  a  series  of  numbers  to 
represent  the  colour  changes,  as  follows  : 


H  II  2 
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0,  No  appreciable  change  from  the  original  cherry  red. 

1.  A  slight  change  to  pnr|)lish  red. 

2.  Purple. 

3.  A  more  bluish  purple. 

4.  Pale  blue  or  bluish  purple  with  some  precipitation. 

5.  Complete  precipitation  giving  a  deposit  of  the  gold  at  the  bottom 
of  the  tube  with  a  clear  colourless  liquid  above. 

There  is  a  certain  amount  of  qualitative  variation  in  the  shades  of 
colours  obtained  from  case  to  case  but  when  familiar  with  the  colours 


little  difficulty  is  experienced  in  reading  the  results. 

The  test  can  be  done  using  half  the  above  quantities  if  desired, 
that  is,  0-9  ml.  of  salt  in  the  first  tube,  0-5  ml.  in  the  other  tubes, 
0-1  ml.  of  fluid  and  2-5  ml.  of  gold  sol. 

In  many  cases  only  six  tubes  need  be  used,  thus  economizing  gold 
sol.  As  a  routine  seven  tubes  can  be  set  up  so  that  after  transferring 
1  ml.  from  tube  six  to  seven,  the  2  ml.  of  fluid  can  be  left  in  tube 
seven  and  gold  sol  added  to  the  first  six  tubes.  Then,  if  there  is  any 
colour  change  in  tube  six,  the  test  can  be  extended  to  the  whole  ten 
tubes  If  no  colour  change  has  occurred  by  the  end  of  an  hour,  the 
test  is  almost  certainly  negative.  For  full  precipitation  to  stage  hve 

to  occur,  standing  overnight  is  necessary.  ,  1 1  i 

(b)  Using  Phosphate  Buffer  (Maclagan).  Reagents.  1-  Lold  sol 
prepared  as  described  under  the  citrate  metliod.  No  addition  of 

'Tiosphate^'buffeTpH  6-0.  Dissolve  0-814  gram  of  anhydrous 
potassium  dihydrogen  phosphate  and  0-207  K™'' 
disodium  hydrogen  phosphate  m  water  and  make  up  to  100  ml. 

Prenare  fresh  if  any  moulds  begin  to  grow  m  it. 

Technique.  Tubes  are  put  up  exactly  as  described  above  except 
that  the  pho.sphate  buffer  is  useil  instead  of  the  salt  solution.  Head 


in  the  same  way. 


. 

occur  m  any  t\ibe  ^  .P  ^ niaximum  colour  change 

3.  The  curv  ,  nnni‘>*i<i‘>l() 

occurs  in  tubes  five  to  is  found" most  typically  in 

As  the  name  implies,  the  Pyretic  ci  ^  dorsalis. 

general  Pf  or  one  intermediate  between  thcin 

One  or  other  of  2f^«;vohilis  of  the  central  nervous  system.  li 

is  obtained  in  cases  of  ^  paretic  type  are  obtained 

iutme  c^es"  ordissemiifated  sclerosis.  The  meningitic  curve  ,s 
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sometimes,  but  by  no  means  always,  obtained  in  meningitis.  Mildly 
tabetic  curves  showing  changes  up  to  about  2  are  sometimes  obtained 
in  encephalitis,  whilst  mildly  meningitic  curves  are  occasionally  seen 
in  conditions  where  there  is  a  very  high  protein.  The  writer  has 
seen,  though  very  rarely  indeed,  paretic  curves  m  a  few  patients  with 
other  diseases  for  example,  in  cerebral  tumours,  and  in  tuberculous 
meningitis  treated  for  a  long  period  with  streptomycin,  but  with 
very  few  exceptions  such  curves  are  obtained  only  in  tertiary 
syphilis  and  in  disseminated  sclerosis. 

It  will  be  seen  that  the  test  is  only  of  limited  value.  With  a 
normal  cell  count,  normal  proteins  and  no  globulin  increase,  it  can 
be  said  that  negative  findings  are  100  per  cent.  Positive  results  are 
also  not  often  obtained  with  fluids  in  which  the  cell  count  is  normal 
and  protein  is  increased,  and  when  they  are,  the  change  is  almost 
always  only  slight  to  moderate.  In  tertiary  syphilis,  the  cell  count 
aixi  protein  changes  are  fairly  characteristic  and  the  Wassermann 
reaction  is  almost  always  positive,  but  the  test  does  yield  further 
confirmatory  evidence  and  may  be  useful  in  following  the  effects  of 
treatment.  Fluids  are  brought  almost  completely  back  to  normal 
by  the  penicillin  treatment  of  these  conditions.  The  test  may, 
however,  be  of  considerable  diagnostic  value  in  disseminated  sclerosiis. 
It  is  of  negligible  value  in  meningitis. 

The  most  generally  accepted  explanation  of  the  abnormal  curves 
is  that  they  result  from  an  increase  in  the  globulin  fraction  of  the 
protein,  particularly  in  the  y-globulin,  or  using  the  Howe  fractionation 
the  euglobulin.  This  globulin  fraction,  by  neutralizing  the  electric 
charge  on  the  particles  of  the  gold  sol,  causes  an  increase  in  their  size 
and  so  produces  the  series  of  colour  changes  noted  and  ends  in  some 
cases  with  particles  large  enough  to  settle  out  within  twenty-four 
hours.  Albumin  on  the  other  hand,  has  a  protective  action. 
Accordingly,  positive  curves  are  obtained  when  the  increase  in  the 
type  of  globulin  responsible  is  proportionately  greater  than  is  the 
increase  in  albumin.  The  greatest  such  relative  increase  occurs  in 
general  paralysis  of  the  insane  and  in  disseminated  sclerosis,  then  in 
tabes  dorsalis,  and  still  less  in  those  cases  of  meningitis  which  give  a 
meningitic  curve.  Normal  curves  are  obtained  when  the  increase  in 
albumin  is  great  enough  to  counter  any  increase  in  the  globulin. 
Lange,  however,  has  suggested  that  abnormal  proteins  may  be  present 
in  general  paralysis  and  be  responsible  for  the  paretic  curve. 

^^1^’  helpful  in  carrying  out  the  test  to  keep  a  cerebrospinal 
lluid  known  to  give  a  paretic  curve  so  that  this  can  be  used  to  test 
batches  of  the  gold  sol  when  desired.  Such  fluids  frozen  in  the 

refrigerator  keep  well  for  months.  Adequate  normal  controls  should 
also  be  used. 


It  is  only  rarely  that  any  other  estimations  are  carried  out.  The 
urea  content  follows  the  blood  urea  fairly  closely  though  it  may  be  a 

FsthTiMtT'^  particularly  when  it  is  rising, 

estimation  of  the  urea  content  gives  no  information  which  the  blood 

urea  does  not  give  but  may  be  done  in  cases  of  coma  in  which  the 
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cerebrospinal  fluid  has  been  withdrawn,  and  so  make  it  unnecessary 
to  take  a  blood  specimen  as  well.  IVIethods  of  estimation  are  identical 
with  those  used  for  blood. 

The  calcium  content  of  the  fluid  is  much  lower  than  that  of  blood 
serum  because  of  the  much  lower  protein  content.  The  normal  range 
is  5-5  to  6  mg.  per  100  ml.  of  fluid.  It  is  redueed  in  tetany  due  to  a 
decrease  in  the  physiologically  active  calcium  of  the  plasma.  The 
calcium  can  be  estimated  in  the  same  way  as  the  serum  calcium  but  it 
is  better,  if  possible,  to  take  a  larger  volume  of  fluid,  say  3  or  4  ml. 

Special  tests  have  sometimes  been  used  on  eerebrospinal  fluids. 
They  are  positive  in  tuberculous  meningitis  and  mostly  negative  in 
other  eonditions  but  are  not  entirely  specific. 

The  Tryptophane  Test,  so-called  because  the  colour  obtained  is 
said  to  be  due  to  the  presence  of  tryptophane  groups,  free  or  eombined. 

Reagents.  1.  Concentrated  hydrochloric  acid. 

2.  Formaldehyde,  2  per  cent.  Dilute  40  per  cent,  formalin  1  in  20. 

3.  Sodium  nitrite,  0-06  per  cent,  solution. 

Technique.  To  2  to  3  ml.  of  the  cerebrospinal  fluid  in  a  suitable 
test  tube  add  15  ml.  concentrated  hydrochlorie  aeid  and  2  to  3  drops 
of  2  per  cent,  formaldehyde.  Shake  and  allow  to  stand  for  four  to 
five  minutes.  Carefully  run  in  about  2  to  3  ml.  of  0'06  per  cent, 
sodium  nitrite  so  as  to  get  a  sharp  line  of  demarcation.  \\  hen  the 
reaction  is  positive,  a  delicate  violet  ring  is  formed  at  the  junction 
of  the  fluids.  This  may  take  a  few  minutes  to  become  visible.  It 
the  reaction  is  negative  there  is  either  no  colour  or  a  yellow  ring.  If 
in  doubt  consider  the  test  negative.  A  positive  reaction  may  be 
obtained  in  tuberculous  meningitis,  with  blood-stained  purulent 
fluids,  and  with  xanthochromic  fluids  whatever  the  condition. 

The  test  is  of  limited  value  but  may  occasionally  give  a  little 
support  one  way  or  the  other  in  more  doubtful  cases  of  tuberculous 

"'LeWnson’s  Test.  Reagents.  1.  Mercmic  chloride,  2  per  cent, 
aiiueous  solution. 

2.  Salicylsulphonic  acid,  8  per  cent,  solution. 

Technique.  Take  two  small  test  tubes  8  X  i  and  pipette  1  ml. 
of  cerebrospinal  fluid  into  each.  To  one  add  f  ml.  ol  he  mercuric 
chloride  solution  and  to  the  other  1  ml  of  the 

Stopper,  mix,  J‘‘"\vdt’h  normal  iiuids  these  are  both 

he  “f  he  -f  if  there  is  an  increase  in 

less  than  Z  mm.  A  „„e  is  light  aiul  feathery, 

‘fonnin'r^lowly  “  ^‘‘hcylsulphonic  aeid  one, 

acid  tube  is  the  greater. 

The  findings  in  normal  Iiuids  may  be  summarized  as  follows  : 
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Table  XXX 

Composition  of  Normal  Cerebrospinal  Fluid 


Cells  .... 

0  to  4  mononuclears  per  c.mm. 

Pressure 

80  to  150  mm.  of  water. 

Colour  and  appearance . 

Clear  and  colourless.  No  coagulum  or 
deposit. 

pH  .... 

7*4  to  7-6. 

Specific  gravity  . 

1-006  to  1-007. 

Protein  content  . 

15  to  40  mg.  per  100  ml.  (Lumbar). 

Globulin 

Nonne-Apelt  and  Pandy  tests  negative. 

Glucose 

45  to  100  mg.  per  100  ml. 

Chlorides 

700  to  760  mg.  per  100  ml.  (as  NaCl). 

Urea 

20  to  40  mg.  per  100  ml. 

Calcium 

5-5  to  6  mg,  per  100  ml. 

Cholesterol  . 

Trace  only. 

Inorganic  phosphorus  . 

1-5  to  2-1  mg.  per  100  ml.  (as  P). 

Lange  curve 

None  given. 

Summarized  Findings  in  Disease 

It  is  thought  that  a  summary  of  the  findings  in  the  more  important 
diseases  of  the  central  nervous  system  may  usefully  be  given  here. 
The  variations  in  cell  count  and  pressure  are  included  so  as  to  give 
a  more  comprehensive  picture.  For  a  full  discussion  of  this  subject 
see  Greenfield  and  Carmichael  (1925). 

Meningitis.  The  pressure  is  increased  in  all  forms  of  meningitis 
to  300  to  1,000  mm.  of  cerebrospinal  fluid, 

Coccal  Meningitis.  The  fluid  is  usually  opalescent  or  purulent  in 
appearance.  There  is  marked  cell  increase,  almost  entirely  poly¬ 
morphonuclear,  generally  to  over  1,000  per  c.mm.  Total  protein 
is.  much  increased,  most  often  to  between  100  and  400  mg.  per 
100  ml.,  globulin  tests  being  positiv'e.  Chlorides  are  decreased  to 
between  600  and  700  mg.  per  100  ml.,  whilst  glucose  is  often  com¬ 
pletely  absent.  The  causal  organism  can  usually  be  isolated,  the 
meningococcus  being  the  most  difficult  to  grow. 

Tuberculous  Meningitis.  The  fluid  is  usually  clear  and  colourless 
though  It  may  become  tinged  yellow  in  the  later  stages.  A  fine 
fibrin  clot  may  form  if  the  fluid  is  allowed  to  stand  undisturbed  for 
twenty-four  hours,  and  may  contain  tubercle  bacilli.  The  cells 
which  in  most  cases  are  between  100  and  300  per  c.mm.,  are  a 
mixture  of  lymphocytes  and  polymorphonuelears  with  a  greater 
proportion  of  the  former  in  the  majority  of  fluids.  Proteins  are 
appreeiab  y  increased,  generally  being  between  50  and  400  mg.  per 
cent.  Chlorides  are  decreased,  ranging  from  normal  to  500  mg.  per 
100  ml  under  600  being  almost  diagnostic.  The  glucose  content 
falls  but  It  IS  rare  for  it  to  be  completely  absent,  a  figure  round  about 
mg.  per  cent,  being  eommonly  found,  with  a  range  of  10  to  45 
Serous  Meningitis  Benign  Lymphocytic  Choriomeningitis  The 
fluid  IS  clear  and  colourless  with  an  almost  purely  lymphoeytie  eell 
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increase,  which  whilst  it  may  be  considerable  and  exceed  1,000 
per  c.mm.,  is  often  moderate  between  50  and  500.  Proteins  also  show 
in  most  cases  only  a  relatively  moderate  increase  to  between  50  and 
100  mg.  per  100  ml.,  whilst  chlorides  and  glucose  are  often  normal 
or  but  slightly  reduced.  However,  cases  have  been  reported  in  which 
there  w'as  an  appreciable  fall  in  glucose  dowui  almost  to  20  mg.  per 


cent. 


Neurosyphilis.  Clear  colourless  fluids  without  coagula  are  the  rule. 
The  pressure  may  be  slightly  increased,  more  particularly  in  G.P.I., 
to  200  mm.  of  cerebrospinal  fluid.  Cells  are  usually  found  to  be 
between  10  and  100  per  c.mm.,  only  very  occasionally  exceeding  100, 
whilst  the  proteins  are  between  30  and  100  mg.  per  100  ml.,  again 
only  rarely  exceeding  this  figure.  Increases  in  both  cells  and  proteins 
are  more  marked  on  the  average  in  general  paralysis  than  in  tabes 
dorsalis  though  there  is  considerable  overlapping.  Globidin  tests  are 
positive,  the  relative  increase  in  comparison  with  the  increase  in  total 
proteins  being  more  marked  than  in  almost  all  other  diseases  of  the 
central  nervous  system.  It  is  also  greater  in  general  paralysis  than 
in  other  types  of  neurosyphilis.  Positive  Lange  curves  are  obtained, 
paretic  curves  in  G.P.I.  and  tabetic  in  tabes  dorsalis  and  other  cases 
of  neurosyphilis.  Chlorides  and  glucose  are  almost  always  A\ithin 
normal  limits.  According  to  Greenfield  and  Carmichael  the  Wasser- 
mann  reaction  is  positive  in  100  per  cent,  of  cases  of  general  paralysis 
and  in  approximately  70  per  cent,  of  cases  of  tabes  dorsalis. 

Disseminated  Sclerosis.  Clear  colourless  fluids  are  found  with  an 
occasional  slight  increase  in  pressure.  Many  fluids  arc  completely 
normal.  Increase  in  cells  when  present  is  usually  slight  trom  4  to 
10  per  c.mm.  Onlv  rarely  does  the  cell  count  exceed  10  though  \  ery 
occasionally  it  may  be  over  50.  The  cells  are  lymphocytes  only. 
Proteins  are  also  usually  normal,  values  of  more  than  45  mg.  per  cen  . 
being  found  in  only  a  small  minority  of  cases, 
globfilin  tests  are  frequently  given  even  when  the  total 
within  normal  limits.  Paretic  and  luetic  Lange  curves  are  often 
obtained.  As  Greenfield  and  Carmichael  (192a)  pointed  out,  the 
association  of  a  paretic  type  of  Lange  curve  with  a 
cells  little  or  no  increase  in  proteins,  but  v.  ith  ^\eak  >  ]  • 
globulin  tests  and  negative  Wassermann  reactions  m  ccrebrospina 
fluid  and  blood  is  almost  diagnostic  of  this  condition. 

EnSphalitis  Lethargica.  The  fluid  is  clear  and  colourless,  but  the 

preslirel  raLd  to  ovlr  200  mm.  Cells  " 

often  exceed  100  per  c.mm.  and  arc  all  lymphoc>tes. 
onZ  but  Ly  be  sliglUly  increased. 

Lange  curves  may  be  obtained.  Glucose  may  be  h  g  " 

sometimes  a  coagulum  m  the  •  g  often  lame — 30  to  2,000 

the  or 'polymorphonuclears.  At  this 

small  to  moderate  increase  m  proteins.  bi 


per  c.mm. 
stage  there  is  only  a 


CHEMICAL  EXAMINATION  OF  CEREBROSPINAL  FLUID  473 

niientlv  the  cell  count  falls  rapidly  and  becomes  chiefly  lymphocytic. 
Total  proteins  rise  as  the  cell  count  falls  and  may  reach  2()()  to  300  mg 
ner  cent,  before  they  begin  to  return  to  normal.  Glucose  and 
chlorides  are  within  normal  limits.  Mildly  luetic  Lange  curves  may 

Neuritis.  In  neuritis  involving  a  single  nerve  the  fluid  is  generally 
normal  but  there  may  be  a  small  increase  in  proteins.  Thus,  tor 
example,  in  sciatica,  the  proteins  are  often  found  to  be  between  40 
and  TO  mg.  per  100  ml.,  and  very  rarely  between  70  and  100. 

In  'polyneuritis,  toxic  or  infective,  fairly  typical  findings  are  met. 
The  fluid  is  clear  and  colourless  with  a  small  increase  in  cells  which  as 
a  rule  does  not  exceed  20  per  c.mm.  and  is  lymphocytic.  Total 
proteins  are  appreciably  increased,  most  often  to  between  100  and 
200  mg.  per  cent.  Globulin  tests  are  positive  and  a  slight  to 
moderate  Lange  curve  may  be  obtained,  for  example  0011221100, 
often  reaching  2  but  only  occasionally  3.  Glucose  and  chlorides  are 
normal. 

Spinal  Tumours.  The  most  frequent  finding  is  a  moderate  to  a 
very  large  increase  in  total  proteins,  cells  being  normal  or  only  slightly 
increased  in  number.  Total  proteins  may  reach  and  exceed  1,000  mg. 
per  100  ml.,  depending  on  the  position  and  the  completeness  of  the 
block.  When  fluid  is  obtained  from  below  a  complete  block  it  may 
approximate  to  plasma  in  its  protein  content.  Pressure  is  low,  the 
fluid  may  be  yellow  in  colour  and  on  standing  produce  a  firm  fibrin 
clot.  Such  an  association  of  a  yellow  fluid  of  very  high  protein 
content  and  a  coagulum  is  known  as  Froin’s  Syndrome.  Fluids 
taken  from  above  the  block  have  an  essentially  normal  protein. 

Brain  Tumour  and  Brain  Abscess.  Very  varied  findings  are 
obtained  in  these  cases.  The  position  of  the  lesion  and  in  the  case  of 
an  abscess  the  degree  of  encapsulation  is  such  that  in  many  there  is 
no  alteration  other  than  some  increase  in  pressure.  Other  cases 
show  : 

Brain  Tumour.  An  increase  in  proteins  without  increase  in  cells 
is  found  in  some  cases  ;  in  others  there  may  be  both  increase  in  cells 
up  to  about  80  lymphocytes  per  c.mm.  and  in  total  proteins  up  to 
300  to  400  mg.  per  100  ml. 

Brain  Abscess.  There  may  be  an  increase  in  cells  more  often 
nioderate  in  degree  but  sometimes  marked  to  1,000  per  c.mm.  This 
increase  is  mainly  lymphocytic  though  containing  some  polymorpho- 
nuelcars.  A  small  cell  increase  in  the  range  5  to  20  and  containing 
polymorphonuelears  is  highly  suggestive  of  brain  abscess.  Proteins 
are  usually  found  to  be  normal  or  to  show  a  moderate  increase 
Chlorides  and  glucose  show  no  fall  so  long  as  the  abscess  is  encap¬ 
sulated  and  does  not  give  rise  to  meningitis,  indeed  the  glucose  mav 
sometimes  be  found  to  be  high  in  the  normal  range  or  even  to  be 
slightly  raised.  A  leaking  abscess  mav,  however,  lead  to  a  fall  in 
glucose.  A  progressive  fall  in  chlorides  is  an  indication  that  menin¬ 
geal  involv'cment  is  becoming  widespread. 

Cerebral  Haemorrhage  and  Thrombosis. '  Tliesc  conditions  may  <,nlv 
lead  to  a  rise  in  the  pressure  but  are  commonly  found  also  to  have  a 
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moderate  increase  in  total  proteins.  In  cerebral  hccmorrhage  blood 
nia\  become  mixed  with  the  fluid  which  on  standing  or  centrifuging 
leaves  a  yellow  supernatant  fluid.  The  leucoeyte  count  can  be 
compared  with  the  red  cell  count  in  cases  of  suspeeted  haemorrhage. 
As  we  have  seen,  differentiation  from  accidental  trauma  when  taking 
the  speeimen  is  usually  satisfactorily  made  by  collecting  in  two  or 
three  tubes.  In  trauma  the  first  specimen  will  be  more  heavily 
contaminated  whereas  in  haemorrhage  the  blood  is  evenly  mixed.  It 
should  he  noted  that  leucocytes  break  down  more  slowly  than  red 
cells  and  so  remain  longer  in  the  fluid. 

The  protein  content  increases,  but  only  moderately,  though  often 
to  a  greater  extent  than  is  accounted  for  hy  the  contamination  with 
blood.  Yellow  fluids  due  to  haemorrhage  have  a  protein  content 
which  is  usually  below  100  mg.  per  100  ml.,  whereas  in  tumours  much 
higher  protein  values  are  found  with  less  yellow  fluids. 

Hypertension.  In  hypertension  it  is  common  to  find  the  total 
proteins  somewhat  inereased,  figures  between  50  and  100  mg.  per 
cent,  often  being  seen.  It  is  rare  for  the  proteins  to  be  higher  than 
this. 


MISCELLANEOUS  FLUIDS 

These  inelude  effusions  into  serous  cavities  sueh  as  the  pleura  and 
the  peritoneum  ;  oedema  fluids  from  subcutaneous  tissues  ;  and 
cyst  fluids. 

Chemical  examination  of  these  fluids  is  requested  much  less 
commonly  than  in  the  case  of  cerebrospinal  fluid.  It  is,  however, 
sometimes  useful  to  know  the  protein  content.  In  health  there  is 
almost  no  protein  in  the  very  small  amount  of  fluid  present  in  the 
serous  eavities  and  tissue  spaees,  but  in  disease  the  protein  content 
can  range  from  below  100  mg.  per  100  ml.  to  a  concentration  almost 
equal  to  that  of  the  plasma.  A  division  is  often  made  into  exudates 
and  transudates.  This  is  useful,  though  there  is  actually  no  hard  and 
fast  dividing  line.  The  formation  of  exudates  is  associated  with  a 
considerable  degree  of  inflammation,  which  by  altering  capillary 
permeability  allows  protein  to  pass  through.  As  a  result  exudates 
have  a  high  protein  content,  usually  above  about  3  grams  per  cent. 
Fibrinogen  is  also  often  present  so  that  the  fluid  may  set  solid  on 
standing.  On  the  other  hand,  the  protein  content  of  transudates  is 
lower  since  in  the  absence  of  inflammation  capillary  permeability  is 
unaltered,  other  factors,  such  as  the  low  plasma  proteins  in  nephrosis, 
being  responsible  for  causing  the  oedema.  Proteins  are  often  below 
1  eram  per  100  ml.,  and  in  nephrosis,  for  example,  may  even  be 
below  100  mg.  per  100  ml.  In  acute  nephritis  the  proteins  may  be 
moderately  high,  often  between  1  and  2  grams  per  cent,  according 
whh  the  view  that  there  is  general  capillary  damage  permitting  some 
nassage  of  protein.  Absorption  of  water  may  lead  to  increase  in  the 
IvTL  content  of  transudates  when  the  fluid  lias  been  present  for 

“^TmcicntV*‘rc'lial.le  ...eusurc  of  tl.e  p.-olein  co.jtent  for  ,„ost 
purposes  can  he  obtained  by  diluting  the  fluid  and  applying  i. 
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turbidimetric  nietliods  given  for  cerebrospinal  Iluids.  For  more 
aceurate  resnlts  use  tlie  methods  given  for  plasma  proteins. 

The  specific  gravity  mainly  reflects  the  amount  of  protein  present. 
The  range  is  from  1-005  to  1-035.  It  has  been  held  that  the  specific 
gravity  is  below  1-015  in  transudates  and  above  1-018  in  exudates. 

The  sugar  content  is  approximately  the  same  as  that  of  the  plasma 
unless  it  is  reduced  by  cells  and  baeteria  present.  This  may  be  the 
case  with  some  exudates. 

The  chloride  eontent  is  related  to  the  protein  content.  When 
protein  concentration  is  highest  as  in  severe  inflammatory  exudates 
chloride  content  approximates  to  that  of  the  plasma,  but  in  transu¬ 
dates  of  very  low  protein  content  chloride  concentration  is  higher 
and  resembles  that  of  cerebrospinal  fluid. 

There  is  little  if  any  fat  in  normal  fluids.  The  milky  Iluids  some¬ 
times  obtained  are  of  several  types.  True  chylous  fluids  result  when 
admixture  with  chyle  from  the  thoracic  duct  occurs.  Several  per 
cent,  fat  may  be  present.  Fluids  which  contain  fat  formed  from  cell 
degeneration  are  described  as  chyliform.  Some  milky  or  opalescent 
fluids  may  contain  little  fat,  the  appearance  being  due  to  cholesterol, 
lecithin,  or  even  to  protein.  Such  fluids  are  termed  pseudochylous. 
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CHAPTER  XXV 


MILK 


The  hospital  biochemist  is  sometimes  asked  to  analyse  specimens  of 
milk,  both  ordinary  cows’  milk  and  human  milk.  Lactose,  fat,  and 
total  nitrogen  are  the  constituents  most  frequently  estimated. 

Determination  of  Lactose 

Lactose  may  be  determined  either  by  using  Benedict’s  Quantitative 
solution  as  used  for  estimating  urine  sugar,  or  by  one  of  the  micro¬ 
methods  for  estimating  blood  sugar. 


1.  Using  Benedict’s  Quantitative  Solution 

Reagents.  1.  Sodium  tungstate,  10  per  cent,  solution. 

2.  Sulphuric  acid,  2/3  N. 

3.  Benedict’s  quantitative  solution,  see  p.  69. 

Technique.  Pipette  10  ml.  of  milk  into  a  100  ml.  volumetric  flask 
and  add  5  ml.  of  10  per  cent,  sodium  tungstate  and  5  ml.  2/3  N 
sulphuric  acid.  Mix  well,  stand  for  a  few  minutes,  and  make  up  to 
the  mark  with  water.  Mix  well  and  filter.  Smaller  quantities  of 
milk  may  be  used  if  necessary,  keeping  the  proportions  of  the  reagents 
the  same.  In  the  case  of  cows’  milk  it  is  more  convenient  to  use  more 
milk  and  take  proportions  of  20  ml.  milk  with  12  ml.  of  tungstate  and 
acid  because  of  the  different  concentrations  of  lactose  and  protein. 
After  filtering,  run  the  filtrate,  which  should  be  quite  clear,  into  a 
burette  and  *\itrate  25  ml.  of  Benedict’s  quantitative  solution  in 
exactly  the  same  way  as  is  described  for  urine  sugar,  p.  70. 

Calculation.  Twenty-five  ml.  of  Benedict’s  (piantitative  solution 
are  reduced  by  67  mg.  of  lactose.  Hence 

Grams  lactose  per  100  ml.  milk 

Number  of  times  the  milk  was  dilut^^l  ^  67  X  100 
~  ^ri.'reqmml  for  titration  1,000 

^ _ 

~  Ml.  required  for  the  titration 

if  10  ml.  of  milk  was  diUited  to  100  ml.  The  dilution  is  1  in  10  for 
Imman  milk,  1  in  5  for  cow’s  milk. 


2.  Using  Micro-methods  for  Blood  Sugar 
dilution  of  1  in  25  or  1  in  50  is  convenient  and  this  can  then  be 
used  with  any  of  the  blood  sugar  methods  given  earlier  m  C  hapter  1  . 
The  method  s^iould  be  standardized  against  lactose  solutions  of  kno^vn 
strength,  either  100  or  200  mg.  per  100  ml. 

Wcd'^lulpi^  acid  is  added  to  the  milk.  Whilst  the  fat 
is  unaffected,  other  organie  matter  present  is  charred.  Centrifuging 
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tlien  brings  the  fnt  into  a  calibrated  part  ol  the 
tube  used  so  tliat  the  amount  of  fat  present  can 
be  read  directly.  Several  different  types  of  tube 
arc  in  use.  One  of  the  most  frequently  used  is 
the  Babcock  tube  (Fig.  69). 

Reagents.  1.  Concentrated  sulphuric  acid  (S.G. 

1-83  to  1-84). 

2.  Acid  alcohol  mixture.  Mix  equal  volumes 
of  concentrated  hydrochloric  acid  and  amyl 
alcohol. 

Technique.  Run  in  5  ml.  of  milk.  Add  sul¬ 
phuric  acid  in  approximately  1  ml.  amounts  at 
short  intervals  until  the  bulb  of  the  tube  is  filled 
to  the  top.  Mix  well  by  rotation  after  each  addi¬ 
tion.  Cool,  and  then  add  further  acid  so  as 
once  again  to  fill  the  bulb.  Then  without  mix- 
ing  add  sufficient  of  the  acid  alcohol  mixture  to 
bring  the  level  up  to  the  zero  mark  in  the  neck. 

Centrifuge.  Read  the  amount  of  fat  directly  on 
the  calibrated  part  of  the  neck.  If  necessary 
bring  the  upper  layer  of  the  fat  to  the  zero  mark 
by  addition  of  warm  water  and  recentrifuging. 

Should  the  fat  content  be  in  the  region  of  5  Babcock 

per  cent,  or  over,  dilute  the  milk  1  in  2  with 
distilled  water  and  proceed  as  above,  multiplying  the  observed 
reading  by  2. 

Determination  of  Protein 

1.  Modified  Esbach’s  Method  (Bogg’s) 

Reagent.  Bogg’s  reagent.  Dissolve  50  grams  of  phosphotungstic 
acid  in  250  ml.  of  water  and  add  50  ml.  of  concentrated  hydrochloric 
acid  and  mix.  Keep  in  a  dark  glass  bottle. 

Technique.  Dilute  the  milk  1  in  10  with  distilled  water  in  the 
case  of  human  milk  and  1  in  20  with  cows’  milk.  Fill  the  Esbach 
tube  to  the  U  mark  with  the  diluted  milk  and  then  up  to  the  R  mark 
with  Bogg’s  reagent.  Invert  several  times  to  mix  and  allow  to  stand 
for  twenty-four  hours.  Read  off  directly  in  grams  protein  per 
1,000  ml.  of  milk.  To  obtain  the  grams  of  protein  per  100  ml.  milk, 

divide  by  10  and  multiply  by  the  number  of  times  the  milk  was 
diluted. 


2.  Micro-Kjeldahl  Nesslerisation  Method 
Reagents.  As  for  estimation  of  plasma  proteins. 

Technique.  The  estimation  is  carried  out  in  the  same  wav  as  for 
plasma  proteins,  but  using  a  different  dilution  since  milk  has  a  smaller 

milk"  onr'nfl  •  25,  for  human 

tetZd  (n  1«"!1  b"'  Otherwise  carry  out  as  there 

described  (p.  165),  but  instead  of  using  6-25  as  the  factor  for  convert¬ 
ing  nitrogen  into  protein  use  6-38. 
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The  micro-Kjeldahl  method  and  apparatus  can  be  used.  Take 
0-5  ml.  of  milk,  add  2  nd.  of  the  digestion  mixture  and  after  digestion 
distil  over  into  25  ml.  of  N/lOO  sulphuric  acid. 

Total  Solids 

These  can  conveniently  be  determined  by  evaporating  a  few  grams 
of  milk  in  a  weighed  evaporating  dish,  heating  first  on  a  water  bath 
and  finally  in  an  air  oven  at  100°  C. 

Phosphatase 

Determination  of  milk  phosphatase  is  carried  out  to  check  the 
reliability  of  pasteurization.  If  this  has  been  done  efficiently  the 
milk  should  show  no  phosphatase  activity.  The  method  described 
for  serum  alkaline  phosphatase  can  be  applied  to  milk. 

Note.  In  examining  human  milk  it  is  usual  either  to  empty  the 
breast  completely,  using  a  breast  pump,  the  most  satisfactory  time 
being  four  to  six  hours  since  the  previous  feed,  or  to  collect  a  specimen 
about  the  middle  of  a  feed.  This  is  done  because  the  composition 
of  the  milk  varies,  becoming  more  concentrated  during  the  course  of 
the  feed. 


Composition  of  Milk 

The  major  constituents  of  milk  are  the  carbohydrate,  lactose; 
fats;  and  proteins.  The  proteins  include  caseinogen— a  phospho- 
protein  containing  0-7  per  cent,  phosphorus — lactalbumin,  and  a  trace 
of  lactoglobulin.  In  addition  milk  contains  important  amounts  of 
calcium,  phosphorus,  and  vitamins  A  and  62-  There  are  only  small 
quantities  of  vitamins  B^,  C  and  D,  and  of  iron.  Milk  accordingly  is 
rather  deficient  in  these. 

Milk  varies  widely  in  composition.  Furthermore,  there  are  impor¬ 
tant  differences  between  human  milk  and  cow’s  milk.  These  are 
summarized  in  Table  XXXL 


Table  XXXI 
Composition  of  Milk 


Water 
Protein 
Caseinogen  . 
Albumin  (including 
Fats 
Lactose 
Ash 

Calcium 
Phosphorus 


a  little  globulin) 


Human 


Range 
(per  cent.) 


82 

1-0 


-90 
-2  0 


20-4-5 
5-G-7-8 
01-0  4 
0018-0042 
0010-0020 


Average 


87 
1-3 
0-8 
0-5 
3-3 
6-8 
0  25 
0030 
0  016 


Cows’ 


Range 
(per  cent.) 


82-90 

2-5-4-5 


2-5-5-5 
3  5-5-6 
0-6-0-9 
009-017 
007-0  ]  2 


Average 


87 

3-4 

2- 85 
0-55 

3- 7 

4- 8 
0-73 
0-125 
0  095 
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It  will  be  seen  that  whilst  the  fat  content  is  approximately  the 
same,  there  is  more  laetose  but  less  protein,  calcium,  and  phosphorus 
in  human  than  in  cow’s  milk.  In  addition  the  proportion  ot 
caseinogen  in  the  protein  is  much  higher  m  the  case  of  cows  milk. 

There  is  some  variation  in  composition  during  the  course  ot 
lactation.  The  milk  secreted  in  the  first  few  days  after  delivery, 
known  as  colostrum,  is  more  yellowish  in  colour,  and  contains  more 
protein  than  does  later  milk,  averaging  about  2-5  per  cent,  in  human 
milk  and  sometimes  reaching  4  to  5  per  cent.  During  the  remainder 
of  lactation,  while  there  is  not  much  alteration  in  fat  and  lactose 
content,  there  is  a  steady  fall  in  protein  content,  which  towards  the 
end  of  the  first  month  averages  about  l-T  per  cent,  as  compared  with 
an  average  of  1*1  per  cent,  at  the  end  of  nine  months. 

Human  milk  is  sometimes  examined  in  cases  in  which  the  child 
is  not  gaining  weight  satisfactorily,  but  in  the  great  majority  of  cases 
is  found  to  be  well  within  the  normal  range  in  composition.  Cows’ 
milk  may  be  tested  occasionally  if  there  is  reason  to  suspect  it  is  of 
low  quality. 
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CIIAPTEIi  XXVI 


STONES 

The  biochemist  is  sometimes  asked  to  investigate  the  nature  of 
stones,  concretions,  or  calculi,  as  they  are  variously  known,  whieh 
may  be  removed  or  excreted  from  the  body.  Stones  from  the  urinary 
tract  are  by  far  the  most  common,  but  otiiers  occasionally  studied 
include  gall  stones,  intestinal  concretions,  salivary  and  pancreatic 
calculi. 


URINARY  CALCULI 


These  may  be  found  in  any  part  of  the  urinary  tract.  They  vary 
very  considerably  in  size  from  little  more  than  a  pin-head  to  the  size 
of  an  egg.  Generally  speaking  the  largest  stones  are  found  in  the 
bladder,  whilst  stones  from  the  kidney  and  renal  pelvis  are  smaller, 
in  some  cases  small  enough  to  pass  along  the  ureters  and  to  be 
passed  in  the  urine.  But  very  large  stones  can  be  found  in  the 
kidneys,  particularly  in  hydronephrosis. 

Ih'inary  calculi  are  almost  always  composed  of  substanees  normally 
excreted  ^in  the  urine,  together  with  a  eertain  amount  of  protein 
material,  including  blood  proteins.  On  rare  occasions  foreign  bodies 
mav  be  found  and  may  form  the  nucleus  of  a  stone. 

It  is  possible  to  divide  urinarv  caleuli  into  three  groups. 

1.  Simple  calculi,  which  on  examination  are  found  to  eontam  only 

a  single  urinary  constituent. 

2.  Mixed  calculi,  which  contain  two  or  more  substances  present 


3  Foreign  body  calculi,  composed  either  wholly  or  in  part  of  some 
substance  introduced  into  the  body  from  outside. 

Foreign  body  calculi  are  rare  and  of  the  first  two  groups  mixed 

stones  are  the  rule.  It  is  unusual  to  find  a  stone 

one  urinary  constituent,  though  it  is  often  found  that  one  ol  the 

substances  present  is  in  marked  jireponderance. 

SubslSiccs  foiiiKl  ill  calculi  include  uric  acid,  urates,  calcium 

ir>“lmtc 'imagnes’iu^  ’aSionhmi  ‘  phosptare)!  caichim  carbonate 
commonly  found.  coloured  varvinj?  shades  of 

::::ianr":  'i;: 

roS^hng  «'^rci;'o"el'i'i>ny  ol'^mic  a‘cud  are  not  very  coniii.on,  but 
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it  hps  been  stated  that  uric  acid  forms  the  nucleus  of  stones  in  quite 
a  high  proportion  of  cases.  This  must  be  regarded  as  doubtful. 

Calcium  oxalate  is  found  in  a  majority  of  calculi  usually  mixed  with 
a  greater  or  less  amount  of  phosphates.  Oxalate  stones  are  among 
the  hardest  found  and  so  are  not  easily  crushed.  The  surface  of 
small  oxalate  stones  is  often  rough  and  bloodstained.  Small  stones 
from  the  renal  pelvis  often  contain  a  considerable  amount  of  oxalate, 
commonly  from  65  to  80  per  cent.,  mixed  with  a  small  quantity  of 
phosphates  and  some  organic  matter. 

Phosphate  calculi  are  usually  much  softer  than  those  mentioned 
above.  They  may  contain  either  triple  phosphate  or  calcium 
phosphate.  Phosphates  are  most  easily  deposited  when  the  urine 
is  alkaline.  Triple  phosphate  is  usually  found  when  there  is  infection 
of  the  urinary  tract  when  urea  is  converted  into  ammonium  carbonate. 
For  this  reason  large  bladder  stones  are  usually  mainly  composed  of 
phosphates. 

Calcium  Carbonate.  Calculi  consisting  mainly  of  calcium  carbonate 
are  very  rare  in  man  but  small  amounts  of  this  substance  can  be 
detected  in  a  number  of  calculi.  Stones  containing  carbonate  tend 
to  be  rather  hard. 

Cystine  Stones.  These  are  also  rare.  They  are  usually  fairly  small, 
and  are  smooth  and  waxy  in  appearance  and  to  the  touch.  In  colour 
they  are  brownish-yellow  or  light  green  and  occur  in  cases  of  cystinuria 
(see  p.  96). 

Xanthine  stones  are  even  rarer  than  cystine.  They  are  yellowish- 
brown  in  colour  being  rather  similar  to  uric  acid  calculi.  They 
sometimes  contain  uric  acid. 

Fibrin  calculi  may  form  from  blood  clots.  They  are  rare  but  may 
form  the  nucleus  of  other  stones. 

Urostealith  calculi  have  been  reported  found  in  the  bladder.  They 
are  soft  and  contain  a  large  amount  of  fat.  They  are  extremelv  rare. 

Foreign  Bodies.  A  remarkable  variety  of  ' objects  have'  been 
removed  from  the  bladder  or  found  as  the  centre  of  a  calculus  there. 
Pieces  of  catheter  may  be  left  in  the  bladder. 


Factors  causing  the  Formation  of  Stones 

It  must  be  acknowledged  that  little  is  known  in  this  connection 
Certain  conditions  are  recognized  as  being  favourable  for  stone 
formation  but  do  not  go  far  to  explain  the  presence  of  the  majoritv 
ol  stones  It  is  known  that  stagnation  of  urine,  particularlv  if  there 
IS  a  so  infection  present,  may  lead  to  stone  formation,  for  example 
m  hydronephroMs,  enlarged  prostate,  and  in  bladder  infections’ 
Hyperparathyroidism  and  hypervitaminosis  D  with  excessive  mobili¬ 
zation  and  deposition  of  calcium  are  also  known  to  be  accompanied 
by  forn.at,on  of  calculi,  but  they  arc  excecdiugly  rare  cStions 
A  defective  diet,  particularly  m  regard  to  vitamin  A,  has  also  been 

formlZlrfu'slu'r-ca'r  increased  stone 

Substances  such  as  calcium  oxalate  and  uric  acid  • 

urine  in  supersaturated  state  and  are  thouglit  to  be  kept  in  solution 


n 
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by  means  of  colloidal  substances.  So  it  is  easy  to  see  that  conditions 
may  arise  leading  to  the  formation  of  crystals.  But  for  stone 
formation  there  must  be  some  nucleus  on  to  which  these  crystals 
can  be  deposited  and  then  continue  to  grow.  It  is  not  a  subject  on 
which  it  is  useful  to  speculate  here. 

Chemical  Examination  of  Urinary  Calculi 

The  stone  is  best  first  washed  with  water  and  then  dried  in  an 
incubator.  Since  most  stones  are  mixtures  and  may  consist  of 
several  layers,  including  a  nucleus,  it  is  desirable  whenever  possible, 
to  separate  these  out  and  examine  them  separately.  So  the  stone 
should  be  cut  into  two  halves  and  examined  for  the  presence  of  such 
layers  and  nucleus.  However,  while  these  may  have  a  different 
composition  it  is  sometimes  found  that  layers  differing  in  appearance 
have  a  similar  composition.  With  small  stones  it  is  often  not 
possible  to  examine  in  this  way.  These  are  powdered  and  examined. 

Reagents.  1.  Dilute  hydrochloric  acid, 

2.  Concentrated  nitric  acid. 

3.  Ammonium  molybdate  solution,  freshly  prepared  by  dissolving 
a  few  crystals  in  water. 

4.  Potassium  hydroxide,  10  per  cent,  solution. 

5.  Nessler’s  reagent  (see  p,  104). 

6.  Dilute  ammonia  solution. 

7.  Concentrated  ammonia  solution. 

8.  Acetic  acid. 

9.  Alcohol. 

10.  Ether.  ...  ,  j 

Technique.  The  following  order  of  investigation  is  recommended. 

Since  some  stones  are  quite  small  it  is  necessary  to  become  accustomed 
to  working  with  very  small  quantities  of  material  for  each  test, 

1  Heat  a  small  amount  of  the  powder  in  a  small  crucible,  or  better, 
on  a  small  platinum  lid  or  foil.  Since  most  calculi  ^ 

a  small  amount  of  organic  matter  there  .s  always  a  little  flwrr  ng. 
but  if  the  stone  is  almost  entirely  inorganic  this  will  be  small  in 
amount  and  a  greyish  powder  will  be  left.  If  the  stone  is  organic 
as  ill  uric  acid  and^ cystine  stones  it  will  burn  away  entirely  or  leave 
only  a  trace  of  ash.  It  is  generally  clear  winch  is  the  case  >^1'*  "  '  ' 
sonm  mixed  stones  containing  both  inorganic  and  organm  niateiial 
d  mavTioralways  be  possible  to  recognise  the  ,mcsence  of  relatively 
‘jmnll  nroTJortions  of  substances  such  as  uric  acid. 

Wafchcarefullv /or  the  presence  of  aflame.  Uric  acid, 

trostealith  give  yellow  dames,  the  former  with  a  smell 
feathers. 


4  If  Uu-  Mmcr  hums  compMy  it  contains  <>"'>•  or^;« 

Jufl  Oxalates,  phosphates  and  carbonates  arc  absent.  1  loiccd 

“•il’TesUor  Uric  Acid  and  Ammonium  Urate  by  the  Murexide  Test. 
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Adel  2  or  3  drops  of  concentrated  nitric  acid  to  a  small  amount  of 
the  substance  in  a  small  evaporating  dish  or  crucible  and  evaporate 
to  drvness  by  heating  on  a  water  bath  or  very  carelu  ly  over  a  smal 
flame.  The  test  is  positive  if  a  red  or  yellow  residue  is  obtained 
whieh  after  being  allowed  to  cool  changes  to  a  purplish  red  on 
addition  of  a  drop  of  dilute  ammonium  hydroxide.  ...  .  , 

Xanthine  does  not  give  a  murexide  test.  It  dissolves  m  nitric  acid 
leaving  a  yellow  residue  which  on  addition  of  alkali  changes  to  orange 
and  to  red  on  warming. 

3.  Test  for  cystine  if  the  murexide  test  is  negative,  lins  would 
probably  be  suspected  by  the  behaviour  of  the  calculus  on  heating. 
Dissolve  some  of  the  calculus  in  concentrated  ammonia  and  allow' 
this  to  evaporate  off  spontaneously  on  a  watch  glass.  Hexagonal 
crystals  of  cystine  wdll  be  deposited  if  it  is  present  and  should  be 
examined  microscopically.  Cystine  crystals  are  insoluble  in  acetic 
acid  and  in  w'ater,  alcohol,  ether  and  acetone  but  dissolve  in  dilute 
mineral  acids,  unlike  uric  acid  crystals,  which  do  not. 

4.  Urostealith  in  addition  to  burning  with  a  yellowdsh  flame  wdtli 
a  resinous  odour,  is  distinguished  by  its  solubility  in  alcohol  and  ether. 

5.  Fibrin  is  insoluble  in  alcohol  and  ether  but  dissolves  in  hot 
potassium  hydroxide  solution  from  which  it  is  precipitated  by  acetic 
acid,  hydrogen  sulphide  being  liberated. 


B.  //  a  deposit  remains  after  heating  on  platimini,  inorganic 
material  is  present.  Test  as  follows  : 

6.  Add  a  little  dilute  hydrochloric  acid  to  a  small  portion  of  the 
stone.  An  effervescence  shows  the  presence  of  carbonate. 

7.  After  allowing  to  cool,  add  a  little  dilute  hydrochloric  acid 
to  the  ash  remaining  after  heating  on  platinum.  An  effervescence 
now',  in  the  absence  of  one  before  heating  show's  the  presence  of 
oxalate.  To  confirm,  treat  a  small  amount  of  the  pow'der  wdth  warm 
dilute  hydrochloric  acid  and  filter.  Only  phosphates,  cystine  and 
oxalates  dissolve.  Make  alkaline  with  ammonia.  Oxalates  and 
phosphates  wall  be  precipitated.  The  former  are  insoluble,  the  latter 
soluble,  in  acetic  acid. 

8.  Dissolve  a  little  of  the  powdered  stone  in  a  few  ml.  of  concen¬ 
trated  nitric  acid  and  then  add  an  equal  volume  of  ammonium 
molybdate  solution.  Heat  to  boiling.  If  phosphates  are  present,  a 
yellow'  precipitate  of  ammonium  phosphomolybdate  is  obtained. 

9.  Heat  a  little  of  the  powder  w'ith  10  per  cent,  potassium  hydroxide 
solution.  Evolution  of  ammonia  shows  the  presence  of  either  triple 
phosphate  or  ammonium  urate.  Nessler’s  reagent  may  be  used  in 
testing  for  ammonia,  bearing  in  mind  its  great  sensitivity. 

10  Phosphates,  if  present  when  tests  for  ammonia  are  negative, 
are  those  of  calcium  or  magnesium.  If  desired  the  presence  of  these 
elements  can  be  eonfirmed  by  the  ordinarv  methods  of  inorganic 


Note  well. 

exclude  the 


The  fact  that  a  deposit  remains  after  heating  does  not 
presence  ot  some  organic  substances,  particularly  uric 
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acid  and  annnoniuni  urate.  These  slioidd  be  tested  for  by  the  tests 
given  above. 

Although  as  a  rule  a  rough  idea  can  be  obtained  of  the  relative 
amounts  of  the  different  eonstituents  present  in  a  mixed  stone,  it 
may  sometimes  be  useful  to  determine  the  amounts  present,  for 
example,  in  a  mixed  phosphate  oxalate  stone.  Weigh  out  about 
100  mg.,  dissolve  in  sulphuric  acid,  warm,  and  titrate  with  N/10  per¬ 
manganate.  One  ml.  of  this  is  equivalent  to  2  mg.  of  ealeium  or  6-4  mg. 
of  calcium  oxalate.  Phosphate  can  be  estimated  using  the  method 
given  under  plasma  inorganic  phosphorus,  dissolving  a  little  of  the 
powdered  stone  in  the  triehloracetic  aeid.  Phosphorus  forms  about 
23  per  cent,  whether  the  phosphate  is  triple  phosphate  (NH^MgPO^) 
or  calcium  hydrogen  phosphate  (CaHP04). 

Determination  of  the  chemical  composition  is  only  of  limited  value, 
but  may  help  in  connection  with  the  institution  of  dietary  measures, 
more  partieularly  in  the  ease  of  oxalate  stones  and  urie  aeid  stones. 
It  will  also  reveal  the  presence  of  cystine  when  sueh  stones  are  present, 
though  this  should  us  -ally  have  been  discovered  in  the  urine  deposit. 


GAIX  STONES 

Examination  of  gall  stones  is  not  often  required,  but  it  may 
occasionally  be  necessary  to  decide  whether  a  fseeal  eoncretion  is  or 
is  not  a  gall  stone.  Examination  of  gall  stones  is  easy.  The  sub¬ 
stances  found  in  them  are  cholesterol,  bile  pigments,  ealeium  phosphate 

and  calcium  carbonate.  •  i  f 

Most  of  the  stones  found  in  human  beings  consist  mainly  ot 

cholesterol  mixed  with  small  amounts  of  pigments,  ealeium  phosphate 
and  protein  material.  They  vary  widely  in  size  and  colour,  the  latter 
depending  mainly  on  the  amount  of  pigment  present.  If  they 
contain  little  or  no  pigment,  they  may  be  very  light  eoloured  even 
almost  white  ;  otherwise  they  can  be  all  shades  from  white  to  quite 
dark  Stones  composed  of  bile  pigments  oceur  much  less  frequently. 
They  are  usually  small  and  dark  coloured.  The  pigment  is  niainly 
bilirubin  present  as  calcium  bilirubinate,  but  bi  iverdin  and  bihfiiscin 
nriv  be  present.  Small  amounts  of  cholesterol  may  or  may  not  be 
fomid  Traces  of  iron  have  been  detected.  Stones  composed  a  mos 
entirely  of  inorganic  material  are  rare.  They  contain  mainly  calcium 
carliomite  and%^alcium  phosphate,  sometimes  with  admixture  of 

small  amounts  of  pigments. 

Examination  of  Gall  Stones 

r  heat  some  with 

*HTir9rp''er  cent  alcohol  and  allow  to  crystallize.  Typical 
cMesUl  «Si:  wiih  the  notched  corners  (Kig.  2S,  are  only 
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obtained  If  the  erystallizatioil  is  done  from  aleohoL  The  Liebermann- 
Hurehardt  reaetion  can  be  carried  out.  Dissolve  a  little  of  the 
residue  obtained  on  evaporating  off  the  ether,  in  chloroform  and  add 
a  little  of  a  mixture  of  acetic  anhydride  and  sulphuric  acid  (in  the 
proportion  of  10  ml.  to  0-1  ml.).  A  dark  green  colour  develops 

rapidly.  . 

2.  Treat  the  residue  remaining  after  ether  extraction,  with  dilute 
hydrochloric  acid  (25  per  cent.).  This  dissolves  the  inorganic  salts 
jiresent.  Filter  and  test  the  filtrate  for  phosphates  and  for  calcium. 
Make  some  of  the  solution  alkaline  with  ammonia  and  add  acetic 
acid  and  ammonium  oxalate  solution.  If  calcium  is  present  a 
precipitate  of  calcium  oxalate  is  formed.  Traces  of  iron,  if  present, 
will  also  be  in  this  filtrate. 

3.  Test  the  precipitate  remaining  after  treatment  with  hydro¬ 
chloric  acid,  for  bile  pigments.  Wash  the  material  remaining  on  the 
filter  paper  with  water,  dry  the  paper  and  extract  with  warm  chloro¬ 
form.  Examine  the  chloroform  extract  for  bilirubin  bv  means  of  the 
diazo-reagent  used  in  the  Van  den  Bergh  test.  Alternatively, 
Hunter’s  diazo  test  can  be  carried  out. 


PANCREATIC  CALCULI 


Pancreatic  calculi  are  usually  found  either  at  operation  or  post 
mortem,  but  only  occur  rarely.  They  are  small  in  size,  have  a  rough 
appearance  and  are  mostly  composed  of  inorganic  material,  mainly 
calcium  carbonate  and  calcium  phosphate,  but  there  may  be  traces 
of  magnesium  salts.  The  presence  of  oxalates  has  been  reported. 
Small  amounts  of  protein  and  fats  may  be  present. 

Investigation  is  simple.  Treat  with  dilute  hydrochloric  acid. 
Effervescence  shows  the  presence  of  carbonates,  whilst  phosphates 
and  oxalates  are  dissolved.  Filter.  Make  the  filtrate  alkaline  with 
ammonia.  Phosphates  and  oxalates  are  precipitated.  Treat  the 
l)recipitate  with  acetic  acid.  Phosphates  dissolve  but  oxalates  do 
not.  Dissolve  a  little  of  the  stone  in  nitric  acid,  add  ammonium 
molybdate  solution  and  warm.  A  yellow  precipitate  is  given  bv 
phosphates.  Add  sodium  phosphate  solution  to  some  of  the  ammo- 
niacal  solution  above.  A  ])rccipitate  shows  the  presence  of 
magnesium. 


SALIVARY  CALCULI 

Salivary  calculi  are  occasionally  submitted  for  examination.  Like 


phosphate  and  or  calcium  carbonate,  with  a  small  amount  of 
matter.  Ihey  are  examined  in  the  same  way. 


F^CAL  CONCRETIONS 


examine  faecal  concretions, 
imined  for  the  j)resence  of 
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gall  stones  if  it  is  suspected  that  one  has  been  passed.  In  addition  to 
fjall  stones,  which  are  the  concretions  most  frequently  found,  several 
types  of  fiecal  concretion  have  been  recognized.  Cammidge  (1914) 
described  the  following  :  • 

Enteroliths,  which  consist  mainly  of  phosphates  deposited  round  a 
nucleus  which  is  often  a  foreign  body,  such  as  a  fruit  stone,  or  pips. 
Some  organic  material  and  faecal  pigment  are  present.  Formed  in 
the  large  intestine,  these  are  rare  in  man.  Small  enteroliths  may  also 
be  formed  by  the  deposition  of  phosphates  on  undigested  vegetable 
material. 

Coproliths  are  almost  entirely  organic,  containing  hardened  faecal 
material,  formed  from  stationary  faecal  matter  in  the  colon. 

Drug  Calculi.  Small  stones  may  be  formed  from  drugs  which  are 
insoluble  or  only  slightly  soluble,  for  example,  magnesia,  barium 
sulphate. 
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CHAPTER  XXVI I 

URINE  AND  FAECAL  PIGMENTS 


URINARY  PIGMENTS 


The  main  pigment  present  in  normal  urine,  that  which  gives  it  its 
normal  yellow  colour  is  urochrome,  the  composition  of  which  is  not 
known  and  which  does  not  give  any  absorption  bands  on  spectro¬ 
scopic  examination.  It  can  be  adsorbed  on  to  charcoal,  and  after 
drying  this,  extracted  from  it  by  alcohol.  On  evaporating  off  the 
alcohol  it  is  obtained  as  a  brown  deposit.  Traces  of  a  number  of 
other  substances  may  also  contribute  to  the  colour  of  normal  urine. 
These  include  uroerythrin,  urobilin,  uroporphyrin  and  copro¬ 
porphyrin. 

Uroerythrin  is  seen  most  characteristically  as  the  pink  pigment 
present  in  uric  acid  and  urate  deposits,  with  which  it  comes  down. 
It  is  soluble  in  alcohol,  ether,  and  chloroform,  and  can  be  extracted 
by  means  of  amyl  alcohol,  in  which  its  spectrum  can  be  seen  (see 
Fig.  68).  Alkalies  change  its  colour  to  green. 

Whilst  traces  of  uroporphyrin  and  coproporphyrin  may  be  present 
they  do  not  normally  occur  in  sufficient  quantity  to  be  detected  by 
spectroscopic  examination  or  by  ordinary  tests. 

Urobilinogen  in  urine  becomes  oxidized  on  standing,  to  urobilin, 
but  the  small  amount  normally  present  contributes  little  if  anvthing 
to  the  colour  of  normal  urine. 


There  is  also  said  to  be  present  in  normal  urine  the  colourles 
chromogen  of  urorosein.  This  substance,  which  appears  to  be  j 
derivative  of  indole  and  to  be  formed  in  the  intestine,  can  be  con 
verted  into  urorosein  by  the  action  of  strong  mineral  acids.  Lik. 
uroerythrin  It  can  be  extracted  from  urine  by  amvl  alcohol.  It 
spectrum,  shown  m  Fig.  68,  has  a  band  in  the  green.' 

Appreciable  variations  in  the  colour  of  urine  occur  according  t( 
whether  it  is  dilute  or  concentrated.  A  verv  dilute  urine  mav  b( 
almost  eolourless  whilst  a  concentrated  one  may  be  deep  yello^Lh 
brovn.  Certain  diseases  lead  to  the  production  of  dilute  or  concen 
rated  urines.  Thus,  whilst  dilute  urines  may  be  excreted  as  a  resull 

eiiitus  (see  P-  <2),  m  chronic  nephritis,  and  in  diabetes  insinidus 
In  the  case  of  diabetes  niellitus  the  specific  gravity  is  liisrh  b,  tb, 
others  low.  Concentrated  urines  are  excreted  when  tb^  b>’tJt  * 
water  is  low  and  when  there  is  considerate  sweat  ng  Thitmav  b 

::r.’  =l ;  r";™ 

which  it  is  .lillicult  to  g“  he  mtLrt  to  Tt  “‘T  ■' 

nianv  of  these  eases  the  muo,  ft  ^  enough  water.  I, 

is  normal,  but  as  a  result‘of  fhlm  f  -  P/g»^ents  excreted  dail> 

the  concentration  varies  widely.  ^  volume  of  water  excreted, 
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The  amount  of  urochrome  excreted  daily  appears  to  be  independent 
of  the  diet  and  to  be  fairly  constant  in  any  particular  person.  It 
has  been  found  by  some  workers  to  vary  with  the  basal  metabolism 
being  increased  in  hyperthyroidism,  and  since  the  rate  of  metabolism 
is  increased  in  fevers,  the  amount  of  urochrome  is  increased,  th\is 
adding  to  the  dark  colour  of  the  concentrated  urine  which  is  being 
excreted. 

Increase  of  other  pigments  which  are  only  present  in  small  quan¬ 
tities  in  normal  urines,  is  also  found  in  disease.  In  particular,  a 
marked  increase  in  urobilin  may  be  present  in  chronic  liver  disease, 
and  in  haemolytic  anaemias  so  that  the  urine  often  has  a  characteristic 
brown  colour.  In  acute  infective  .and  toxic  hepatitis,  urobilinogen 
is  present  together  with  bilirubin,  but  the  colour  of  the  latter 
predominates. 

Increased  amounts  of  uroerythrin  appear  to  be  excreted  in  a 
number  of  pathological  conditions  and  contribute  to  the  reddish  or 

deep  orange  tints  then  observed.  •  t  /  qoo\ 

Urines  which  contain  an  increased  amount  of  indican  (p.  328)  are 
often  deeper  brown  in  colour.  If  such  urines  become  ammoniacal 
on  standing  some  indigo  may  be  formed.  This  can  be  extracted  into 
chloroform  which  it  colours  blue  to  purple. 


Abnormal  Pigments 

Of  the  iiathological  pigments  the  grepiish-yellow  or  brown  of 
bilirubin  is  well  known  and  its  occurrence  m  urine  has  been  discussed 
In  232)  The  blood  pigments  which  may  be  found  m  urine  ha\e 
Iko  been  considered  (p  394),  the  colour  ranging  from  the  red  o 
oxuhcvmoslobin  to  the  brownish-black  of  methainoglobin  wi  i  a 
shadl  irbetween  due  to  mixtures  of  these.  The  Presence  of 
fbnorn,^!  amount,  of  porphyrins  f 

gentisic  acid.  ^ 

Melanin  in  Urine 
This  type  of  pign.ent  never 

patients  with  site  L  such  a  tumour  whieh  may 

in  the  Inei.  1  he  eye  which  are  verv  slow  growing,  ma> 

be  removed  and 

not  become  apparent  until  '  ^or  melanogen,  which  is 

contain  the  pigment,  but  a  colo  r  ^  to  stand  in  contact 

oxidized  to  melanin  So  on  standing,  the  urine 

with  air.  Melanin  is  dark  Uownwards  a  process  which  usually 

darkens,  often  from  the  sur  a  ^  .  „,^ty.four’hours  or  more  to  become 

occurs  slowly,  taking  as  long  ^  melanogen  and  so 

Ch^,M.  T.«,  Thl.  i.  »» 

chloride  of  melanogen  to  melanin. 
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Technique.  Add  10  per  cent,  ferric  chloride  drop  by  drop  to  o  ml. 
of  urine.  The  melanin  may  be  carried  down  on  the  precipitate  of 
ferric  phosphate  which  forms  thus  giving  a  greyish  or  blackish  pre¬ 
cipitate.  As  more  ferric  chloride  is  added,  the  precipitate  dissolves, 
leaving  a  slightly  turbid  fluid  coloured  varying  shades  from  brown  to 
black  according'^to  the  amount  of  melanin  present.  ,  ,  •  ,  • 

Harrison  (1947)  uses  a  10  per  cent,  solution  of  ferric  chloride  in 
10  per  cent,  hydrochloric  acid.  The  acid  prevents  the  formation  of 
a  precipitate  so  that  the  colour  change  only  is  observed.  It  is  claimed 
that  the  colour  thus  obtained  is  often  darker  than  that  given  by  10 
per  cent,  ferric  chloride  in  water  so  that  smaller  amounts  of  melanogen 
ean  be  detected. 


Nitroprusside  Test  of  Thormahlen.  Reagents.  1.  Sodium  nitro- 
])russide  solution.  Prepare  freshly  before  use  by  dissolving  a  few 
erystals  in  a  few  ml.  of  water. 

2.  Thirty-three  per  cent,  (v/v)  acetic  acid. 

3,  Forty  per  cent,  sodium  hydroxide. 

Technique.  Add  3  or  4  drops  of  the  nitroprusside  solution  to 
about  5  ml.  of  urine  and  make  strongly  alkaline  with  about  0-5  ml. 
of  the  sodium  hydroxide.  Shake  well  to  mix  and  make  acid  by 
adding  a  few  ml.  of  acetic  acid.  The  presence  of  melanogen  is  shown 
by  the  development  of  a  blue  to  blue-black  colour.  The  actual 
colour  seen  depends  on  the  colour  of  the  original  urine.  If  this  was 
deep  yellow  the  colour  seen  will  be  dark  green.  The  less  pigmented 
the  urine,  the  bluer  the  colour  produced. 

This  test  is  similar  to  the  nitroprusside  test  for  acetone  and  aceto- 
acetic  acid,  when  a  reddish-purple  colour  is  obtained.  Creatinine 
gives  a  brown  colour. 

It  is  advisable  to  become  familiar  with  the  sort  of  colour  which 
normal  urines  may  give.  This  may  be  slightly  brownish  with  a  green 
tinge.  Contrast  a  suspected  positive  with  a  normal  control. 


Other  Tests.  Several  other  tests  for  melanogen  have  been  described 
but  are  not  so  satisfactory  and  are  not  likely  to  be  positive  if  the 
above  are  negative.  These  include  the  nitric  acid  test,  in  which  a 
few  drops  of  concentrated  nitric  acid  are  added  to  a  few  ml.  of  urine, 
a  brown  to  black  colour  being  given  by  melanogen  ;  the  bromine  test, 
in  whieh  bromine  water  is  added  to  urine,  the  precipitate  which 
forms  darkening  through  grey  to  black  if  melanogen  is  present  ;  the 
silver  nitrate  test,  in  which  0-5  ml.  of  urine  is  added  to  5  ml.  of  3  per 
cent,  silver  nitrate  and  2  per  cent,  ammonia  added  until  most  of  the 
precipitate  has  redissolved,  when  if  melanogen  is  present  the  mixture 
slowly  darkens  to  brown  and  finally  blaek.  Keep  awav  from 
sunlight. 


Melanin  can  be  ])recipitated  from  urine  bv  methvl  alcohol  after 
oxidation  of  the  melanogen  present.  Collect  a  twenty-four-hour 
specimen  and  evaporate  to  about  a  quarter  of  the  original  volume. 
Add  1  gram  of  potassium  persul])hatc  ])er  100  nil.  and  after  two  hours 
a(  (1  an  equal  volume  of  methvl  alcohol.  Filter  and  wash  in  turn 

with  water,  methyl  alcohol  and  ether. 
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Homogentisic  Acid  in  Urine,  Alkaptonuria 


In  this  condition  the  urine  also  darkens  on  standing.  This  is  due 
to  the  conversion  of  homogentisic  acid,  the  formida  of  which  is 
shown,  into  substances  of  unknown  composition  which  are  coloured 
brown  or  black.  This  colour  also  appears  in  the  surface  layer.  It 
develo])s  much  more  quickly  in  alkaline  than  in  acid  urine  and  comes 


OH 


CHj, 


COOH 

Homogentisic  acid 


up  within  a  few  seconds  when  the  urine  is  made  alkaline  with  sodium 
or  potassium  hydroxide  or  with  ammonia.  This  is  a  difference  from 
melanogen  in  urine  on  which  the  addition  of  alkali  does  not  speed  up 
the  oxidation.  With  melanogen  in  \irine  it  is  an  acid  medium  which 
favours  the  development  of  the  colour. 

Metabolism  of  tyrosine  and  phenylalanine  is  defective  in  this 
condition  so  that  'instead  of  these  substances  being  completely 
metabolized,  homogentisic  acid  is  formed  and  excreted  in  the  urine. 
The  condition  may  be  first  noticed  in  early  infancy  when  the  napkins 
are  seen  to  be  stained.  In  later  life  cartilages  become  blackened 
and  may  give  a  bluish  tinge  to  the  hollows  of  the  ears  and  brown 

tllP  r*OT1  llinCtlVfl0* 
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Tlie  iiitroprusside  test  and  the  reactions  with  nitric  acid  and 
bromine  deseribed  for  melanin  are  not  given  by  tlie  urine  m 

'^'Yt^honld  be  noted  that  a  green  colour  witli  ferric  chloride  solution, 
which  fades  after  only  a  few  minutes,  is  given  by  the  urine  in  pheny  - 
ketoniiria.  The  urine  in  this  differs  from  alkaptonuria  both  in  not 
darkening  in  air  and  in  not  reducing  either  alkaline  copper  solutions 

or  silver  nitrate.  .  ,  ,  i  i 

Homogentisic  acid  can  be  estimated  by  using  the  colour  produced 

with  ammonium  molybdate  and  potassium  dihydrogen  phosphate 
using  as  standard  a  solution  of  hydroquinone  similarly  treated. 
Take  1  or  2  ml.  of  urine,  dilute  to  15  ml.  with  water,  add  2  ml.  5  per 
cent,  ammonium  molybdate  in  5  N  sulphuric  acid  and  2  ml.  of  1  per 
cent,  potassium  dihydrogen  phosphate  and  dilute  to  25  ml.  Treat 
a  hydroquinone  standard  containing  1  mg.  per  ml.  in  the  same  way. 
One  mg.  of  hydroquinone  equals  0-79  mg.  of  homogentisic  acid.  If 
albumin  is  present  in  the  urine  it  must  be  removed  before  the  estima¬ 
tion  is  done. 


Presence  of  Drugs,  Dyes  and  other  Ingested  Substances 

In  addition  abnormally  coloured  urines  may  be  due  to  substances 
taken  by  the  person.  In  the  first  place  pigments  present  in  foods 
are  sometimes  excreted  in  the  urine.  Thus  anthocyanins  in  fruits 
and  vegetables  may  give  coloured  urines.  One  of  the  most  notable 
of  these  is  that  present  in  beetroot  which  gives  a  reddish-pink  colour 
superficially  resembling  haemoglobinuria,  though  the  colour  is 
actually  rather  pinker  and  fairly  easily  distinguished  when  the  worker 
is  familiar  with  it.  This  colour  acts  as  an  indicator,  being  yellow 
with  alkalies  and  pinkish-red  with  acids.  Large  quantities  of  rhubarb 
may  give  a  somewhat  similar  colour.  Fruits  such  as  blackberries 
and  bilberries  may  also  give  coloured  urines  in  some  persons.  These 
pigments  are  not  extracted  by  amyl  alcohol. 

Dyes  present  in  such  articles  as  sweets  may  appear  in  the  urine. 
Thus  eosin  may  give  a  characteristic  appearance  to  urine,  showing  a 
greenish  fluorescence.  Amyl  alcohol  extracts  the  dye  which  on 
spectroscopic  examination  shows  a  band  in  the  green.  Enquiry  may 
reveal  that  such  substances  have  been  taken,  but  in  other  cases  the 
behaviour  of  the  pigment,  with  failure  to  demonstrate  any  pigment 
pathologically  significant,  leads  to  the  conclusion  that  such  must  be 
the  source  of  the  colouring  matter. 

The  colour  of  the  urine  is  important  in  phenol  and  lysol  poisoning, 
u  hen  it  is  brownish  or  black,  though  it  may  also  sometimes  have  a 
greenish  tinge  in  phenol  poisoning.  Phenol  is  excreted  to  some 
extent  unchanged,  in  part  conjugated  with  glucuronic  and  sulphuric 
acids,  but  the  greater  part  is  found  as  hydroquinone  and  pyrocatechol 
and  their  oxidation  products.  It  is  the  amount  of  these  which  mainly 
deterinines  the  colour.  Although  tests  may  be  carried  out  on  the 
urine  directly,  it  is  better  to  acidify  the  urine  with  sulphuric  acid  and 
distil  Tests  are  then  done  on  the  distillate.  Phenols  give  a  white 
or  yellow  precipitate  with  bromine  water  due  to  the  formation  of 
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tril)roni|)licnol  and  give  a  colour,  blue  with  phenol  and  greenish  with 
cresols,  with  10  per  cent,  ferric  chloride  solution.  Such  urines  may 
give  some  reduetion  with  alkaline  copper  solutions  since  the  phenol 
may  be  exereted  as  glueuronates. 

Urines  may  also  be  abnormally  coloured  by  drugs  taken  and 
occasionally  by  substances  used  in  certain  tests.  As  regards  the 
latter  phenol  red  is  used  in  a  test  of  renal  function.  It  is  red  in 
alkaline  and  yellow  in  acid  solution.  Congo  red  used  in  testing  for 
amyloid  disease  may  be  excreted  in  some  of  these  cases  and  colour 
the  urine  red.  Indigo  carmine  has  also  been  used  in  renal  disease 
colouring  the  urine  greenish-blue.  Boiling  the  urine  with  a  few 
drops  of  40  per  cent,  sodium  hydroxide  removes  the  colour. 

Amongst  drugs  which  should  be  noted  in  this  respect  are  the 
following.  Methylene  bine  gives  the  urine  a  green  or  greenish-blue 
colour,  is  extracted  by  chloroform  and  by  amyl  alcohol,  and  has  an 
absorption  band  in  the  red.  Harrison  (1947)  has  described  a  test 
for  methylene  blue  in  which  it  is  reduced  to  its  leuco  base.  This,  on 
cooling  and  shaking  with  air,  is  reoxidized  to  the  dye.  A  little 
glucose  is  added  to  a  few  ml.  of  the  urine,  followed  by  1  to  3  drops 
of  40  per  cent,  sodium  hydroxide  (not  suflicient  to  remove  the  green 
colour).  The  mixture  is  then  boiled  for  a  few  minutes.  The  colour 
disappears  but  can  be  brought  back  by  cooling  and  shaking  in  air. 
Indigo,  which  has  a  similar  spectrum  to  methylene  blue  and  is  also 
extracted  by  chloroform,  does  not  give  the  above  test  and  further, 
when  its  solution  in  water  is  evaporated  to  dryness  the  residue  on 
being  gently  heated  gives  a  purple  sublimate  in  contrast  to  tlic  fainter 
OTcen  one  given  by  methylene  blue.  In  addition  to  its  ure  as  a  drug 
and  in  certain  proprietary  medicines,  methylene  Vdue  may  also  le 
present  as  a  colouring  matter  in  sweets.  It  is  the  commonest  cause 

of  blue-green  urines.  ,  .  ,  • 

Phenulhildrazine  wliicli  has  been  used  in  treating  polycythienna 
may  produce  brown  urines.  Tiiese  may  be  due  to  the  formation  of 
aromatic  oxidation  products  wliicli  can  be  extracted  trom  tlie  aeidiliwl 
urine  by  aiiivl  alcoliol.  Plienylliydrazme  may  also  bring  about  the 
formation  of  metliamioglobin  and  tlius  cause  methtemoglobiniiria. 

Phenolvhthulein  is  contained  in  some  ])iirgatives  and 
exacted  uneliangcd  in  the  urine.  It  is  rare  for  urines  to  be  alkaline 
enouglTto  give  a  red  colour  with  this  imlicator,  but  they  may  become 

ZiVw'w  also  gives  urines  coloured  pink  to  red.  It  is  extracted 
by  amyl  afcohol  and  the  colour  changes  to  yellow  when  the  urine  is 

PmX^narals'c^lourtiie  urine  orange  to  orange  red,  The 

colour  becomes' retlder  on  adding  ''y>|;"Ze  is^Zluded  bt  i 
altered  appreciably  by  caustic  soda.  The  dye  is  extrattei  , 

alcohol. 

Examination  of  Pigmented  Urines 


but  is  not 
amvl 
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a  few  tests  are  of  outstaiulin^r  value.  These  inelucle  speetroseoi)ic 
cxaniiuation  of  the  urine  and  of  its  amyl  alcohol  extract  ;  the 
behaviour  of  the  colour  to  acid  and  alkali  ;  and  the  colour  given  with 
ferric  chloride  solution.  If  none  of  the  pigments  known  to  be  present 
in  pathologieal  conditions  is  detected,  the  eolour  is  almost  certainly 
due  to  some  foreign  substances  introduced  into  the  body  usually  in 
the  food  or  as  drugs,  though  in  the  ease  of  young  children  ehewing 
coloured  articles  may  be  responsible.  Enquiry  wall  often  yield 
information  as  to  whether  this  has  occurred. 


FAEC  AL  PIGMENTS 

The  normal  colour  of  faeces  is  much  influenced  by  the  amount  of 
urobilin  (stercobilin)  present,  but  it  also  depends  to  a  considerable 
extent  on  the  kind  of  food  taken.  As  regards  urobilin,  there  is 
further  production  of  this  on  standing  so  that  faeces  then  darken  in 
colour,  particularly  on  the  surface.  A  largely  vegetable  diet  gives 
light-coloured  stools  whilst  one  rich  in  meats  gives  darker,  brown  ones. 
Undigested  portions  of  some  vegetables  may  colour  the  faeees, 
reddish-brown  in  the  case  of  carrots,  greenish  in  the  case  of  vegetables 
such  as  spinach  which  are  rich  in  chlorophyll.  Fruits,  too,  may 
colour  the  stools,  for  example,  bilberries  which  give  them  a  greyish- 
purple  appearance.  On  a  milk  diet  the  stools  are  pale  yellow  or 
orange. 

Normal  adult  faeces  do  not  contain  bilirubin  or  biliverdin,  which 
IS  pathological  and  indicates  the  rapid  passage  of  the  intestinal 
contents.^  The  stools  are  then  coloured  from  brownish-yellow  to 
^reen  stools  in  very  young  infants  may  be  due  to  the  presence 
of  bihverdm.  Meconium  may  be  green. 

Clay-coloured  stools  ^acholic  stools — found  in  obstructive  iaundice 
are  associated  with  the  absence  of  bile  pigments  from  the  intestine. 
Ihe  presence  of  a  considerable  amount  of  unabsorbed  fats  may  also 
lelp  to  produce  such  stools.  Whitish  or  cream-coloured  feces  have 
no^L^ndicf  '''  pancreatic  disease  in  which  there  was 

When  blood  is  present,  feces  may  be  coloured  all  shades  from 
brownish-red  to  black.  The  darker  colours  occur  in  cases  ^.herl  Z 
cEinorrhage  is  high  up  m  the  alimentary  tract,  for  example  in  gastric 
and  duodenal  ulcer.  Blood  from  the  rectum  and  anus  may  show  as 
streaks  of  fresh  blood  on  the  surface  of  the  stool  ^ 

Drugs  may  iiiHuence  the  colour  of  the  feces  Barium 

^e„  as  a  bariun,  „,eal  gives  whitisl.-eoloured  stool  ‘•  eaio  .'^er  i: 


heperexces 
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CHAPTER  XXVIII 


DRUGS  AND  POISONS 

In  this  chapter  methods  will  be  given  for  the  determination  in  body 
Iluids  of  a  number  of  miscellaneous  substances  mostly  drugs  and 
poisons.  It  is  sometimes  useful  to  know  the  blood  level  of  a  drug 
w'hich  is  being  given,  either  to  ensure  that  the  optimum  blood  con¬ 
centration  has  been  achieved,  or  to  ensure  that  overdosage  is  not 
occurring.  There  are  also  a  few  poisons,  the  determination  of  which 
may  reasonably  be  considered  to  be  within  the  scope  of  the  hospital 
biochemist.  Otherwise  work  dealing  with  poisons  is  better  left  to 
the  forensic  laboratory. 


ALCOHOL 

Determination  in  Blood  and  Urine  .  ,  ,  ,  ,  •  ^ 

The  method  most  commonly  used  is  to  distil  the  alcohol  into  a 
mixture  of  potassium  dichromate  and  sulphuric  acid.  Some 
dichromate  is  used  in  oxidizing  the  alcohol.  The  dichromate  remain¬ 
ing  is  determined  iodometrically  by  adding  potassium  iodide  ant 
titrating  the  iodine  liberated,  with  thiosulphate. 

Reagents.  1.  N/10  potassium  dichromate. 

2.  Concentrated  sulphuric  acid. 

3.  Potassium  iodide,  5  per  cent,  solution. 

4.  N/IO  sodium  thiosulphate.  ,•  i  e  v  i  inrh 

Techniaue  Connect  up  three  100  ml.  cylinders  or  8  X  1  mcli 

test  tabS  to  that  air  can  be  drawn  tlirough.  Tliese  are  jo.ned  in 
tuTe  tnfy  just  passes  ;:!r:Atd  or 'urhitrth; 

trated  sulphuric  acid  m  '  o  Ld  draw  air  through  until 

and  third  tubes  m  a  water  batb  at  8  .  ^^^^“^^^“^required.  Trouble 
the  specimen  is  evaporated.  Up  o  •  pjgce  of  fine  iron  wire 

may  be  experienced  from  frothing.  1^^ 

gauze  placed  about  halfway  up  ^  ^  transfer 

froth.  When  aeration  is  hmslied  Volume  of  300  to 

the  “;'‘«'‘Vrit\T;rper  cet  '"ft 

Sn«"thiotlphi:te;  Ttote  1«  inS.  of  the  N/H.  dichromate  m  the 

'litr  t  ml''" 

1-15  mcr.  of  alcohol. 

Mg.  alcohol  per  100  ml.  of  specimen 
^  491 
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=  (Titration  of  standard  —  titration  of  test)  X  1*15 

100 

^ _ _ _ _ 

]\I1.  blood  or  urine  used 

^  (10  —  titration  of  test)  X  57-5,  if  2  ml.  is  used. 

Use  of  Conway  Units.  The  Conway  miero-diffusion  unit  is  con¬ 
venient  to  use.  ^lade  of  Pyrex  glass,  this  is  shaped  like  a  small  Petri 
dish  and  is  divided  into  an  inner  and  outer  compartment  by  a  circular 
inner  glass  wall  the  height  of  which  is  about  half  that  of  the  outside 
wall.  The  procedure  for  alcohol  is  as  follow'S  (Conw'ay,  1947). 
Pipette  0-5  ml.  of  0-4  N  potassium  dichromate  in  10  N  sulphuric  acid 
into  the  inner  eompartment.  As  fixative  use  a  mixture  prepared  by 
melting  40  to  50  grams  of  paraffin  wax  (m.pt.  about  40°  C.)  with 
80  ml.  pure  liquid  paraffin  and  eooling.  Smear  the  lid  with  this  ready 
for  applying  before  running  a  suitable  amount  of  blood  or  urine  into 
the  outer  compartment.  When  this  has  been  done  seal  with  the  lid 
immediately.  A  volume  of  specimen  containing  from  1-0  to  1-5  mg. 
of  alcohol  is  most  convenient.  Use  0-25  ml.  in  severe  intoxication, 
0-5  ml.  in  moderate,  1-0  ml.  in  other  cases.  Move  the  units  to  spread 
the  liquids  over  as  great  an  area  as  possible.  Stand  overnight  at 
room  temperature  or  for  six  hours  at  37°  C.  Then  remove  the  lid, 
dilute  the  diehromate  with  1  ml.  of  water,  add  0-3  ml.  of  3  INI 
potassium  iodide,  stir  well  with  a  fine  glass  rod  and  titrate  immedi¬ 
ately  with  N/10  thiosulphate.  Run  this  in  quickly  at  first  while 
stirring  slowly,  until  a  pale  yellow-green  colour  is  reached.  Add  a 
drop  of  1  per  cent,  starch  solution  and  complete  the  titration.  Carry 
out  a  blank  using  water  instead  of  the  specimen  under  test. 

Mg.  alcohol  in  the  volume  of  specimen  actually  used 

=  (Titration  of  blank  —  titration  of  test)  x  1*152 

For  a  full  account  of  the  various  techniques  using  micro-diffusion 
see  Conway  (1947). 


INTERPRETATION 

There  is  very  little  alcohol  in  normal  blood  or  urine.  Values  of 
blood  alcohol  up  to  100  mg.  per  100  ml.  are  found  in  subclinical 
states  of  intoxication.  Above  this  some  degree  of  intoxication  niav 
be  said  to  be  present.  This  is  mild  up  to  about  180  mg.  per  100  ml. 
Some  degree  of  confusion  is  usually  present  over  200  mg.  per  100  ml. 
Intoxication  is  severe  with  stupor  over  300  mg.  per  100  ml.  Values 
up  to  and  a  little  over  500  mg.  per  100  ml.  may  be  found,  coma  being 
present  above  about  400.  There  is,  however,  a  considerable  personal 
variation  ab  all  levels.  Nevertheless,  on  the  average  intoxication 

^  ’««  "'g-  P«  and  become  serious 

at  .00  mg.  per  100  ml.  The  concentration  in  the  urine  is  usuallv 
from  a  third  to  a  half  higher  than  that  in  the  blood.  ^ 


KARBITURATKS 

Estimation  of  Barbiturates  in  Body  Fluids  (Lew,  1940) 

This  method  may  be  used  for  blood,  urine,  or  cerebrospinal  fluid 
ihe  Hurd  IS  dr,ed  on  anhydrdus  sodium  sulphate  and  the  barbiturates 
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extracted  with  an  ether-petroleum  ether  mixture  in  a  Soxhlet 
apparatus.  After  evaporation  of  the  solvent  the  residue  is  dissolved 
in  chloroform  and  estimated  colorimetrically,  using  the  purple  colour 
which  is  produced  on  the  addition  of  cobalt  acetate  in  methyl  alcohol 
and  isopropylamine. 

Reagents.  1.  Sodium  dihydrogen  phosphate. 

2.  Anhydrous  sodium  sulphate. 

3.  Ether-petroleum  ether  extraction  mixture.  Mix  equal  volumes 
of  peroxide-free  ether  (prepare  weekly  by  washing  with  ferrous 
sulphate  solution,  then  with  water,  and  distilling  into  a  bottle 
containing  clean  copper  wire)  and  petroleum  ether  (b.p.  30°  to  40°  C.). 

4.  Decolorizing  mixture.  Mix  3  parts  of  prepared  charcoal  (wash 
with  peroxide  free-ethcr  containing  a  few  drops  of  glacial  acetic  acid, 
and  then  with  ether  until  free  from  acid)  with  one  part  of  magnesium 
oxide. 

5.  Cobalt  acetate.  One  per  cent,  solution  in  absolute  methyl 
alcohol. 

6.  Isopropylamine.  Five  per  cent,  by  volume  in  absolute  methyl 

alcohol.  I  •  /> 

7.  Standard  solution  of  barbituric  acid.  Prepare  solutions  oi 

diethvl  barbituric  acid  (not  the  sodium  salt)  in  chloroform.^  A  stock 
solution  containing  200  mg.  per  100  ml.  is  convenient.  Froin  this 
prepare  a  series  of  standards  by  diluting  with  chloroform.  These 
should  contain  0,  20,  40,  60,  80,  100  mg.  per  100  ml.  Keep  in  a 

dark  glass-stoppered  bottle.  ,  ,  ,  i  .  •  i 

Technique.  Mix  20  ml.  urine  (or  as  much  blood,  or  cerebrospinal 

fluid  as  is  available)  in  a  mortar  with  2  grams  of  sodium  dihydrogen 
phosphate.  Then  add  40  grams  of  anhydrous  sodium  sulphate 
gradually  in  small  portions  with  constant  grinding.  After  thoroiig 
mixing  place  the  mortar  in  a  desiccator  for  thirty  minutes  or  longer 
lo  allol^^eomplete  drying  to  take  place.  Break  up  the  dried  mixture 
and  place  in  the  thimble  of  a  Soxhlet  extraction  apparatus,  and 
extract  with  ether-petroleum  ether  mixture  for  about  three  hours. 
Shlke  the  extract  with  about  0-25  gram  of  the  decolorizing 
Uemove  this  by  filtering  directly  into  a  distillation  flask,  washing 
wf  h  more  extraction  mixture.'  Distil  off  the  ether  and  petrokiin 
Pther  and  take  up  the  residue  in  10  ml.  of  chloroform.  To  .  ml.  ot 
this  chloroform  solution  add  0-1  ml.  of  cobalt  acetate  ^ 

nil  of  isonropvlamine  solution  and  compare  with  2  m. 
apVopriate  sTanlfrd  solution  similarly  treated.  The  colours  can  be 
S  in  the  photoelectric  calorimeter,  using  a  yellow  green  filter 

iransmission  at  54(t  millimicrons.  _ 

Calculation.  If  the  photoelectric  colorimeter  is  used  . 

Mg.  barbituric  acid  per  100  ml.  of  specimen 

Beading  of  unknown  ^  barbituric  acid  per  100  ml.  of  standard 

=  ehloroform  extract 

Volume  of  chloroform  extract  ii.scil  for  colour  development 
100 


X 


X 


specimeiTuscd 
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IXTERPRETATIOX 

Barbiturates  arc  now  widely  used  as  sedatives  and  as  anccsthetics. 
They  arc  derivativ^es  of  barbituric  acid,  malonyl  urea  : 


^CO— NH^ 
CH2  CO 

^CO— NH^ 


The  hydrogen  atoms  of  the  CHg  group  are  substituted  by  various 
alkyl  and  aryl  groups.  Important  examples  are  ; 


Diethyl  barbituric  acid  (barbitone,  veronal) 

Sodium  diethyl  barbiturate  (barbitone  soluble)  . 
Isoamyl  ethyl  barbituric  acid  (amytal) 

and  its  sodium  salt  (sodium  amytal,  amytal  soluble) 
N-methyl  cyclohexenyl  methyl  barbituric  acid  (evipan) 
and  its  sodium  salt  (sodium  evipan) 

P^thyl  phenyl  barbituric  acid  (phenobarbitone,  luminal) 
N-methyl  ethyl  phenyl  barbituric  acid  (luminal) 
Sodium  ethyl  methylbutyl  barbiturate  (pentobarbital, 
nembutal)  ........ 

Diallyl  barbituric  acid  (Dial)  ..... 


M.  \Vt.  184 
M.  \Vt.  206 
M.  Wt.  226 
M.  Wt.  248 
M.  Wt.  236 
M.  Wt.  258 
M.  Wt.  232 
M.  Wt.  246 

M.  Wt.  248 
M.  Wt.  208 


Barbituric  acids  are  soluble  in  ether  to  varying  degrees  and  can  be 
extracted  by  acidifying  and  shaking  with  ether  or  chloroform. 


BROMIDES 

The  recognition  that  taking  excessive  doses  of  bromides  mav  lead 
o  a  state  of  intoxication  with  various  abnormal  mental  manifesta¬ 
tions  led  to  the  development  of  a  simple  method  for  determining 
serum  bromide  which  provides  a  quick  means  of  confirming  that  such 
a  condition  is  present.  ® 

Determination  of  Serum  Bromide  (Barbour  et  al  1936) 

Reagents.  1.  Trichloracetic  acid,  20  per  cent  iw/vWnl,it; 

2,  Gold  chloride  (AuCI  HCl,  8H,0),  O-S  per  cent,  in  water 

br„n,'d‘et  ^t^JTnd'nTat'to 

*  ml.  of  drilled  witen  followedVvT-2"rof"o  pe“r  f"'' 

T«‘d  n,f :,^;h:i',tnrti':!:i:h:.'z^^^  >  iniat.;;  '.rpap:- 

-lution  Co, ..pare  the  resulti";-  ^h  ',,:  wdtr  a"e  ' 

prepared  snnilar  aized  test  tubes.  These  ...ay'  be  pre^rred"  ' 
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Mg.  bromide  as  Nalir  per 

100  ml.  serum  .  .  0  25  50  75  100  125  150  175  200  225  2.50 

Ml.  stock  standard  .  .  0  0-25  0  5  0-75  1  0  1-25  1-5  1-75  2  0  2-25  2  5 

MJ.  water  .  .  .5  4-75  4  5  4-25  4  0  3-75  3  5  3-25  3  0  2-75  2-5 

Add  1  ml.  of  20  per  cent,  trichloracetic  acid  and  1-2  ml.  of  0-5  per  cent,  gold 
chloride  solution. 


These  tubes  can  be  sealed  off  and  kept  in  the  dark,  being  then  used 
for  comparison  with  the  test  when  required.  The  tubes  will  keep 
for  several  months.  A  standard  curve  for  the  colorimeter  can  be 
prepared  using  a  blue  filter,  transmission  at  470  millimicrons  ;  or 
suitable  standards  such  as  the  100  and  200  mg.  per  100  ml.  may  be 
used  for  the  visual  colorimeter.  f 

Calculation.  The  figures  given  for  the  serum  bromide  above  are 
corrected  so  as  to  allow  for  a  small  error  w’hich  may  occur  because 
some  bromide  is  adsorbed  on  to  the  protein  precipitate. 

Note.  Iodides  interfere  with  the  test  since  they  give  a  similar 
colour  with  gold  chloride.  Accordingly  when  a  positive  result  is 
obtained  it  is  advisable  to  check  that  the  patient  has  not  been  taking 
iodides. 

INTERPRETATION 

There  is  normally  only  a  very  small  amount  of  bromide  in  blood, 
not  more  than  3  mg.  per  100  ml.,  which  is  not  sufficient  to  show  any 
colour  wnth  the  above  test.  vSymptoms  of  intoxication  appear 
w'hen  the  serum  bromide,  expressed  as  NaRr,  is  betw^een  100  and 
200  mg.  per  100  ml.  There  are  considerable  personal  variations. 
With  increasing  serum  bromide  the  symptoms  become  increasingly 
severe  until,  with  values  of  over  300,  the  patient  becomes  demented. 
There  is  replacement  of  chloride  by  bromide.  IVhen  there  is  50  per 
cent  replacement  death  is  said  to  occur.  This  corresponds  to  a 
serum  bromide  over  400  mg.  per  cent.  On  stopping  the  drug  and 
ffivincT  liberal  quantities  of  fluid  and  sodium  chloride  the  serum 
bromtde  falls  stcadilv.  The  symptoms  of  intoxication  disappear  in 
two  or  three  days  and  the  serum  bromide  may  become  normal  again 

in  a  fortnight. 


SALICYLATES 

Large  doses  of  salicylates  have  been  used  in  the  treatment  of 
rheumatic  disease  and  determinations  of  the  amount  m  serum  (o 
iilasma)  have  been  used  to  control  such  treatment.  A  rapid  simpl 
method  for  such  estimation  is  thus  of  value. 

Determination  of  Serum  Salicyiates.  Metliod  of  Keller  {1W7) 

The  colour  foru.ed  by  reaction  of  salicylates  with  achhed  feme 
•titr-ite  is  used.  Proteins  are  not  precipitated. 

Reagents  1  Apiiroxiniately  0-()7  N  nitric  acid.  Make  ^ 

f>f  concLtrated  nitric  acid  (S.G.  1-42,  70-5  per  cent,  by  weight)  up 
to  1  litre  with  water.  Extreme  accuracy  is  not  essentia  . 
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2.  One  per  eeiit.  ferric  nitrate,  Fe(N03)3,  9H2O  in  ()-()7  N  nitric 
arid. 

3.  Dilute  ferric  nitrate.  Add  t  volumes  of  water  to  5  volumes 
of  the  1  per  cent,  solution. 

4.  Nitric  acid,  0-038  N.  Dilute  5  volumes  of  0-07  N  nitric  acid 
with  4  volumes  of  water. 

5.  Stock  salicylic  acid  or  sodium  salicylate  solution.  Dissolve 
100  mg.  of  salicylic  acid  or  116  mg.  of  sodium  salicylate  in  w-ater  and 
make  up  to  100  ml. 

6.  Standard  solution  for  use.  Dilute  the  stock  solution  1  in  10 
for  use  in  preparing  a  standard  curve  for  the  photoelectric  colorimeter. 

Technique.  In  a  suitable  test  tube  add  9  ml.  of  the  diluted  ferric 
nitrate  solution  to  1  ml.  of  serum.  In  another  tube,  as  blank,  add 
9  ml.  of  0-038  N  nitric  acid  to  1  ml.  of  serum.  Read  on  the  colori¬ 
meter,  using  a  green  filter,  transmission  at  520  millimicrons. 

Prepare  a  standard  curve  as  follows  : 


Mg.  salicylic  acid  per  100  ml.  0 

Ml.  standard  salicylate  solu¬ 

5 

10 

20 

30 

40 

50 

tion  ....  0 

0-5 

10 

2  0 

3-0 

40 

5  0 

Ml.  of  water  .  .  .5  0  4-5  4  0 

Ml.  1  per  cent,  ferric  nitrate.  Add  5  ml.  to  each. 

30 

20 

1-0 

0 

For  visual  colorimetry  select  a  suitable  standard,  the  20  mg.  per 
100  ml.  being  the  most  useful. 

Calculation.  A  certain  amount  of  colour  is  obtained  on  adding 
ferric  nitrate  to  sera  from  persons  not  taking  salicylates.  In  prepar¬ 
ing  the  standard  curve  an  average  value  for  this  should  be  determined. 
To  do  this,  pool  samples  of  serum  from  about  ten  normal  persons  not 
taking  salicylates,  and  repeat  the  above  technique  as  given  for  the 
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estimation.  It  is  found  that  tlie  eolorinieter  reading  eorresj)onds  to 
about  t  to  5  mg.  per  100  ml.  of  salicylic  acid.  Variations  in  any 
single  case  very  rarely  exceed  1-5  mg.  per  100  ml.  The  eolorimeter 
reading  of  this  blank  ean  be  added  to  the  reading  of  the  standards  to 
give  a  eurve  which  then  automatically  corrects  for  the  colour  from 
these  substances  present  in  normal  serum  (Fig.  70).  The  possible 
error  of  1-5  mg.  per  100  ml.  is  not  serious  when  eompared  with 
the  levels  of  serum  salicylate  whieh  should  be  reached  in  treatment. 


Notes.  1.  Serum  is  preferable.  If  done  on  plasma  this  should  not 
contain  more  than  6  mg.  of  sodium  oxalate  or  its  equivalent  per  10  ml. 

2.  0-5  ml.  serum  may  be  used,  partieularly  for  high  levels.  Add 
•t-S  ml.  of  water  and  5  ml.  of  diluted  ferric  nitrate.  Put  up  a  blank 
from  0-5  ml.  serum,  4-5  ml.  water  and  5  nd.  of  0-038  N  nitric  acid. 
Prepare  a  standard  curve  accordingly. 

3.  The  test  can  be  adapted  for  urine.  Add  0-5  ml.  water  and 
0  ml.  of  diluted  ferric  nitrate  to  0-5  ml.  urine.  Prepare  standards 
using  pooled  normal  urines  containing  no  salicylates.  Large  quan¬ 
tities  of  salieylurie  acid  in  the  urine  invalidate  the  test  except  as  an 
indication  of  the  total  salicyl  output.  (Brodie  et  ah,  1944.) 


Other  Methods.  Use  has  also  been  made  of  the  reaction  of 
salicylates  with  the  Folin-Ciocalteu  phenol  reagent  to  give  a  blue 
colour  on  addition  of  sodium  hydroxide  (Smith  and  Talbot,  1950). 
The  technique  is  as  follows  :  add  0-2  ml.  of  serum  to  5-8  ml.  distilled 
water.  Then  add  3  ml.  of  the  Folin-Ciocalteu  reagent,  diluted  1  to  3 
with  distilled  water,  and  centrifuge  for  five  minutes.  Pipette  4  ml. 
of  the  supernatant  fluid  and  add  2  ml.  of  1-5  N  sodium  hydroxide. 
Stand  for  three  minutes  and  read  in  the  photoeleetric  colorimeter 
using  a  red  filter,  or  transmission  at  670  millimicrons.  Construct  a 
calibration  curve  by  treating  appropriate  solutions  of  salicylic  acid 
or  salicvlates  in  water  in  the  same  way.  This  method  gives  a  higher 
blank  with  sera  from  normal  persons  not  taking  salicylates  than  does 
the  ferric  nitrate  method,  the  range  being  from  4-5  to  9-5  mg.  per 
100  ml  in  terms  of  salicylic  acid,  the  average  being  7-5  mg.  per  cent 
Uric  add  as  well  as  tyrosine  and  tryptophane  react  to  give  the 

colour. 

"'irtrStmll.Tof  rheumatism  levels  of  about  35  mg.  per  100  ,ul.  for 
serum  salicylic  acid  are  desirable  for  efiective  treatment. 


p-AMINOSALICYLIC  A(TI) 
Determination  in  Serum  (Smalley,  1949) 

2.  N/4  sodium  hydroxide. 
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3.  EhrlicliV  reagent.  Dissolve  8  gran'* 

aldehyde  in  7  ml.  of  sulplmric  aeid  and  make  to  a  litre  w 

4.  N  sodium  hydroxide. 

5.  N  hydrochloric  acid.  . 

6.  Stock  solution  of  p-ammosalicyhc  acid.  Dissolve  -0  mg. 

100  ml.  of  10  per  cent,  trichloracetic  acid. 

7.  Standard  solution  of  j^-ammosalicyhc  acid  for  use.  Dili^e 
1  ml.  of  stock  solution  to  20  ml.  with  10  per  cent,  trichloracetic  acid. 
One  ml.  then  contains  0-01  mg.  of  j^-aminosahcylic  acid. 

Technique.  Mix  0-2  ml.  of  blood  with  2-8  ml.  of  10  per  cent, 
trichloracetic  acid  in  a  centrifuge  tube.  Allow  to  stand  for  a  tew 
minutes.  Centrifuge.  To  1-5  ml.  of  the  clear  supernatant  lluid 
add  2  ml.  of  N /4  sodium  hydroxide  and  1  ml.  of  the  Ehrlich  reagent 
and  mix.  Ah  orange  colour  develops  at  once  and  is  stable  for  severa 
hours.  Read  in  the  photoelectric  colorimeter  using  a  blue  filter, 
transmission  at  470  millimicrons.  A  standard  curv^e  can  be  prepared 
as  follows  : 


Mg.  2?-aniinosalicylic  acid  per  100  ml.  0 
Ml.  of  standard  containing  0  01  mg. 

per  ml.  .  .  .  •  -0 

Ml.  10  per  cent,  trichloraceac  acid  .  1-5 

Add  2  ml.  N/4  sodium  hydroxide 


2  4  6  8 

0  2  0  4  0-6  0-8 

1-3  11  0-9  0-7 

and  1  ml.  Ehrlich  reagent. 


10 

10 
0  5 


Method  for  Urine.  Dilute  the  urine  1  to  500  with  distilled  water, 
add  1-5  ml.  N  hydrochloric  acid  to  0-5  ml.  of  the  diluted  urine  and 
plaee  in  boiling  water  bath  for  thirty  minutes.  Cool  and  make  the 
volume  to  2  ml.  with  water,  add  1-5  ml.  of  N  sodium  hydroxide, 
0-3  ml.  of  distilled  water  and  1  ml.  of  Ehrlich’s  reagent.  Prepare  a 
standard  curve. 


Grams,  p-aminosalicylic  acid  per  100 

ml.  urine  containing  .  .  .0  0-2  0-4  0-8  1*2  l-O 

Ml.  standard  0  02  mg.  per  ml.  .  0  0  1  0-2  0-4  0-6  0-8 

Ml.  10  per  cent,  trichloracetic  acid  .  1  0  0-9  0-8  0-6  0-4  0-2 

.\dd  1  ml.  N  hydrochloric  acid  to  each,  heat  as  above  for  thirty  minutes  in  a 
boiling  water  bath.  Cool,  make  to  2  ml.,  add  1-8  ml.  N  sodium  hydroxide  and 
1  0  ml.  Ehrlieh’s  reagent. 


INTERPRETATION 

Blood  levels  required  are  in  the  range  4  to  8  mg.  per  100  ml.  The 
twenty-four  hour  excretion  in  the  urine  is  10  to  11  grams  with 
patients  taking  14  grams  daily. 


SULPHONAMIDES 

Since  the  introduction  of  sulphanilamide  a  wide  range  of  substanees 
derived  from  it  by  substitution  of  other  groups  in  the  amino  groups 
in  the  molecule  have  been  used,  of  whieh  some  are  listed  belowu 
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Sulphanilamide,  79-aminobenzene  sulphonaniide,  NHjCgH^SOaNHj, 
ni.p.  164-5°  to  166-5°  C.  Molecular  weight  172. 

Sulphapyridine,  2  (j9-aminobenzenesulphamido)  pyridine, 
NHoCeH^SOoNHCgH^N, 


NH.-\  >-  SO.NH 

Sulphapyridine 

in.p.  191°  to  193°  C.  Molecular  weight  249. 

Sulphathi azoic,  2  (p-aminobenzenesulphamido)  thiazole, 


-C 


/S-CH 

^N-tH 


Sulphathiazole 


in.]).  200°  to  203°  C.  Molecular  weight  255. 

Sidphadiazine,  2  (jj-aniinobenzenesulphamido)  pyrimidine, 


NH 


,-O-S0^nh-c<^_ 

Sulphadiazine 


N-CH^ 


CH 


CH 


m.p.  252°  to  256°  C.  Molecular  weight  250. 

Sidphumerazine,  sulphamethylpyrimidine,  m.p.  235°  to  238°  C. 


CH, 

I 


Sulphamerazine 


CH 


Molecular  weight  264.  •  •  r 

Sulphamethazine,  sulphadimethylpyrimidme, 

CHa 

I  ^ 

NH;>rO-  S0,nh-c4^-^Vh 

1 

CH^ 

Sulphamethazine 


Molecular  weight  278. 
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Sulphaguanidinc,  sulphanilylguanidine,  usually  occurs  with  one 
molecule  of  water  of  crystallization.  M.p.  190°  to  192-5°  C.  on  the 
dried  material.  Molecular  weight  232,  anhydrous  214. 


NH 


SO;j,NH- 


^NH 

Cf 


Sulphaguanidine 

Sulphasuccidine,  succinylsulphathiazole.  Molecular  weight  373. 


CH^-COOH  S — CH 

CH^  CO-  C 

Sulphasuccidine 

This  also  usually  occurs  with  one  molecule  of  water  of  crystallization. 
Sulpha cetamide,  p-aminobenzenesulphonacetamide. 


N  H  S  H  C  OC  H  ^ 

Sulphacetamide 

m.p.  181°  to  184°  C.  Molecular  weight  214. 
Phthalylsulphthiazole,  molecular  weight  403. 


COOH 


.CH 


-  CQ--NH-<(  y~S0^  NH-C 


CH 


phthalylsulphthiazole 


Sulphatnad  is  a  mixture  of  sulphadiazine,  sulphathiazole,  and 
sulphamerazme  in  such  proportions  that  each  tablet  contains  0-185 
gram,  0-1 8o  gram,  and  0-130  gram  respectively. 

Determination  in  Blood 

Method  of  Bratton  and  Marshall  (1939).  Micro-modification 
After  precipitating  the  proteins  with  trichloracetic  acid  the  sulnho 
namide  present  m  the  filtrate  is  diazotized  and  then  coupled 

coIo'rimeft^LX  ‘'il'ydi-ochloride  and  estinnvted 
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Reagents.  1.  Trichloracetic  acid,  20  per  cent,  (w/v)  solution. 

2.  Sodium  nitrite,  0-1  per  cent,  solution.  Prepare  freshly  at 
frequent  intervals. 

3.  Ammonium  sulphamate,  O  o  per  cent,  solution. 

4.  N  (1-naphthyl)  ethylenediamine  dihydrochloride,  0-1  per  cent, 
aqueous  solution.  Keep  in  a  dark  coloured  bottle. 

5.  Hydrochloric  acid,  4  N. 

6.  Stock  standard  solution  of  the  sulphonamide  containing  10  mg. 
per  100  ml.  Dissolve  100  mg.  in  water  and  make  up  to  1  litre. 
Whilst  it  is  most  satisfactory  to  use  the  actual  sulphonamide  which 
is  being  determined,  a  solution  of  any  one  of  them  can  be  used  and 
the  necessary  correction  made  for  the  difference  in  molecular  weight. 
Sulphanilamide  has  been  frequently  used  but  the  molecular  weights 
of  sidphapyridine,  sulphadiazine  and  sulphathiazole  are  near  to  each 
other  and  to  other  commonly  used  ones,  so  that  one  of  these  is 
perhaps  more  suitable. 

7.  Standard  solution  for  use.  Add  20  ml.  of  20  per  cent,  trichlor¬ 
acetic  acid  to  5  ml.  of  the  stock  standard  and  make  up  to  100  ml. 
with  water.  This  contains  0-005  mg.  per  ml. 

Technique.  Pipette  3  ml.  of  water  (or  0-05  per  cent,  saponin 
solution)  into  a  test  tube  and  add  to  it  0-2  ml.  of  blood  which  can  be 
taken  from  a  finger  or  thumb  in  a  0-2  pipette  such  as  is  used  for 
blood  sugar  estimation.  Then  add  0-8  ml.  of  20  per  cent,  trichlor¬ 
acetic  acid,  mix  well  and  allow  to  stand  for  a  few  minutes.  Filter 
through  a  7  cm.  No.  1  Whatman  filter  paper,  or  centrifuge.  Pipette 
2  ml.  of  the  filtrate  (=  0-1  ml.  blood)  into  a  suitable  test  tube  and 
add  0-2  ml.  of  0-1  per  cent,  sodium  nitrite.  Shake  well  and  allow  to 
stand  for  three  minutes.  Then  add  0-2  ml.  of  0-5  per  cent  ammonium 
sulphamate,  again  mix  and  stand  for  two  minutes.  This  removes 
excess  of  sodium  nitrite.  Finally  add  1  ml.  of  the  coupling  agent. 
Allow  to  stand  for  ten  minutes  and  compare  with  2  ml.  of  the  abme 
standard  similarly  treated.  Put  up  a  blank  containing  water. 
With  the  photoelectric  colorimeter  use  a  yellow-green  filter,  trai . 

mission  at  540  millimicrons. 

Calculation.  Using  the  photoelectric  colorimeter. 

Mg.  sulphonamide  per  100  ml.  blood 

Reading  of  unknown  ^  ().()■[()  y 
^  Reading  of  standard  h’l 

Reading  of  unknown  ^ 

~  Remling  of  standard 

If  desired  a  standard  curve  can  be  prepared  by  linking  up  a  series 
of  shn  usin^various  amounts  of  stock  standard,  for  examp  e 

useful. 


DRUGS  AND  POISONS 


505 


Staiidanl 

M.  Wt. 

Compound  being  determined 

- - - 

Sulphanilamide 

Sulphaguanidine 

Sulphapyridine 

0) 

‘n 

.2 

c« 

s: 

D. 

X 

Sulphathiazole 

Sulphanierazine 

1 

2 

s  2 

O  *2 

o  ^ 

X 

Sulphametliazine 

Sulplianilamide  . 

172 

100 

1-24 

1  45 

^•45 

1-48 

1-55 

206 

1-62 

SulphajnTidine  . 

249 

0-69 

0-80 

100 

100 

102 

106 

1-43 

112 

Sulphadiazine 

2,50 

0-69 

0-80 

1  00 

100 

102 

106 

1 

111 

Sulphaniezathine 

278 

0-62 

0-77 

0-90 

0-90 

0-92 

0-95 

1-28 

100 

Sulphanierazine  . 

266 

0-65 

0-81 

0-95 

0-95 

0-97 

1  00 

1-35 

105 

(From  “  The  Estimation  of  Sulphonamides."  May  and  Baker  Ltd.) 


The  method  given  above  estimates  the  free  drug.  A  certain 
amount  is  present  as  the  acetyl  derivative.  However,  only  the  free 
sulphonamide  is  active  so  that  it  alone  needs  to  be  determined. 
Total  sulphonamide  can  be  estimated  by  heating  some  of  the  filtrate 
after  preeipitating  the  proteins,  with  hydrochloric  acid  before 
earrying  out  the  diazotization.  Heat  2  ml.  of  such  filtrate  with 
0-2  ml.  of  4  N  hydrochloric  acid  in  boiling  water  for  one  hour.  Cool 
and  make  up  to  2  ml.  with  water.  Proceed  as  before. 

Notes.  1.  Urea  may  be  used  instead  of  ammonium  sulphamate 
for  removing  the  excess  nitrite.  A  0-5  per  cent,  solution  is  satisfac¬ 
tory.  Other  coupling  agents  have  also  been  used,  for  example,  a 
0-4  per  cent,  aleoholie  solution  of  dimethyl  a-naphthylamine.  This 
should  be  kept  in  the  dark. 

2.  The  same  method  may  be  used  on  other  fluids,  for  example,  on 
cerebrospinal  fluid.  Requests  for  estimation  in  this  are  sometimes 
made  in  cases  of  meningitis  and  cerebral  abscess.  Except  when  the 
blood  level  is  falling,  the  concentration  in  the  cerebrospinal  fluid  is 
usually  about  50  to  70  per  cent,  of  that  in  the  blood  unless  the  drug 
is  given  into  the  theca. 

3.  Determination  of  sulphonamides  in  urine  may  also  be  done  in 
the  same^way  but  dilution  is  necessary.  A  dilution  between  1  in  10 
and  1  in  50  is  usually  required. 

4.  The  above  method  may  be  used  for  derivatives  of  sulphanil- 
amide  in  whieh  substitution  is  into  the  sulphonamide  group,  as  in 
sul])hapyridine,  sulphadiazine,  sulphaguanidine.  etc.  When’  how¬ 
ever  substitution  is  in  the  amino  group,  it  mav  be  necessarv’ to  set 
tree  this  group  by  acid  hydrolysis  before  estinmtion  can  be*^  carried 


interpretation 

Estimation  of  sulphonamides  is  not  rec^uired  freipientlv  now  that 
standardized  methods  of  treatment  have  been  worked  out  and  other 
chemotherapeutic  substances  are  available.  However,  they  are  still 
m, Hired  on  occasion  and  the  method  should  be  available  The 
Km  usually  in  the  region  of  K)  to  15  mg  per 

ml.  but  «,me  workers  ,n  the  ease  of  some  eerebral  lesioos  hive 
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used  much  higher  levels  and  aimed  at  and  reached  30  to  40  mg.  per 
100  ml.  For  blood  levels  of  more  than  20  mg.  per  100  ml.  it  is  better 
to  use  0-1  ml.  of  blood. 


THIOCYANATES 

Determination  of  Serum  Thiocyanates  (Bowler,  1944) 

After  precipitating  the  proteins  with  trichloracetic  acid,  thio¬ 
cyanates  are  estimated  colorimetrically  as  ferric  thiocyanate  after 
addition  of  ferric  nitrate.  Bowler  studied  the  conditions  necessary 
for  optimum  colour  development  and  found  that  ferric  nitrate  should 
be  present  in  large  excess  and  that  the  final  solution  should  be  0  5  N 
nitric  acid.  Furthermore,  reading  of  the  colour  should  take  place 
within  fifteen  minutes  and  the  coloured  solution  should  not  be 
exposed  to  bright  light. 

Reagents.  1.  Trichloracetic  acid,  20  per  cent,  solution.  Dissolve 
20  grams  in  water,  make  to  100  ml.,  and  filter. 

2.  Ferric  nitrate-nitric  acid  reagent.  Dissolve  80  grams  of  ferric 
nitrate,  Fe  (N03)3,  OHaO,  in  250  ml.  of  2  N  nitric  acid,  make  to 
500  ml.  with  water  and  filter.  Concentrated  nitric  acid  is  approxi¬ 
mately  16  N  so  that  2  N  acid  contains  very  nearly  31-5  ml.  of  con¬ 
centrated  acid  in  250  ml.  Keep  in  the  dark. 

3.  Standard  thiocyanate  solution.  Prepare  a  standard  solution 
containing  10  mg.  SCN  per  100  ml.  of  solution,  by  diluting  1  to  100 
with  water  a  thiocyanate  solution  containing  1  gram  SCN  per  100  ml. 
Standardize  against  silver  nitrate  solution.  Twenty  ml.  of  N/IO 
silver  nitrate  would  require  11-6  ml.  of  the  thiocyanate  solution. 
Or  if  NAO  thiocyanate  is  kept  in  the  laboratory,  the  standard 
thiocyanate  (10  mg.  per  100  ml.)  can  be  prepared  by  diluting  1  ml. 

of  this  to  58  ml.  with  water.  .  .  u  an  «  ml  nf 

Technique.  Pipette  1  ml.  of  serum  into  a  test  tube,  add  6-5  ml.  of 

water  and  2-5  ml.  of  20  per  cent,  trichloracetic  acid.  ^^11  and 

allow  to  stand  for  ten  to  fifteen  minutes.  Filter  through  a  M  batman 
No  40  filter  paper  (9  cm.).  To  5  ml.  of  the  filtrate  add  5  ml.  of  ferric 
nitrate  reagent,  and  keeping  out  of  bright  light,  compare  with  a 
standard  P?eparc<l  at  tl.e  same  time  or  read  on  the  pl.otoeleotnc 
foZiSerusing  a  blue  filter  or  transmission  at  470  m.llumerons 
^  ^  cftindnrd  bv  Dioettiiiff  1  ml.  normal  serum  into  a  test 

Tube  ami  Hmn  adtsV^  f  n,l.  of  thioeya.^tc  standard  and 

‘>•5  ml  of  trichloracetic  acid.  Mix  well  and  proceed  as  with  the  test. 
“  r  Since  a  10  me  per  100  ml.  solution  is  put  through 

in?'"-  s^r  serum,  the  ealculation  is  simple. 

For  the  visual  colorimeter. 

Mg.  thiocyanate  per  100  ml.  serum 

Reading  of  standard  ^ 

~  Reading  of  unknown 


‘''For"h?dK.toekert?eol,,riumter  a  stau<lard 
as  follows,  using  a  solution  containing  10  mg.  per 
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0 


2 


Mg.  SCN  per  100  ml.  serum 
Normal  Serum  (free  from  SCN) 

Ml.  thiocyanate  standard  .  .  0  0-2 

Ml.  water  .  .  .  •  0*5  0*3  ii?.  **.4- 

Add  2*5  ml.  of  trichloracetic  acid  to  each,  mix,  filter,  add  5  ml.  ferric  nitrate 

solution  to  5  ml.  filtrate  in  each  case  and  read  as  for  the  test. 


4  6  8  10 

Add  1  ml.  to  each. 
04  0*6  0*8  1  0 

6  1  5*9  5*7  5*5 


12  16 


12  1-6 
5*3  4*9 


Note.  The  determination  must  be  carried  out  on  serum.  Both 
oxalate  and  citrate  produce  a  eolour  with  the  ferric  nitrate. 


INTERPRETATION 

Thiocyanate  has  been  given  as  a  treatment  for  hypertension.  The 
dosage  recommended  is  that  which  will  produce  a  serum  thiocyanate 
of  about  10  mg.  per  100  ml.  Thiocyanate,  however,  may  produce 
toxic  symptoms  at  serum  levels  above  about  12  mg.  per  cent,  so 
careful  control  is  necessary.  The  value  of  thiocyanate  in  hyper¬ 
tension  would  appear  doubtful. 


LEAD 

Determination  in  Urine 

The  method  given  is  essentially  that  of  Kench  (1940)  using  wet 
oxidation  of  organic  matter  followed  by  estimation  of  the  lead  as  a 
complex  with  dithizone  after  extraction  with  sodium  diethyl- 
dithiocarbamate. 

Reagents.  1.  Sulphuric  acid,  2  N.  This  should  be  deleaded  as 
follows.  Dilute  some  concentrated  sulphuric  acid  1  in  20  and  shake 
with  20  to  30  mg.  of  sodium  diethyldithiocarbamate  three  times, 
using  ether  containing  5  per  cent,  carbon  tetrachloride  the  first  two 
occasions  and  ether  only  on  the  third.  Then  carefully  evaporate 
off  the  ether  by  heating  on  a  water  bath  in  a  current  of  air,  or  better, 
on  an  electric  hot  plate,  well  away  from  flames. 

2.  Sodium  citrate,  20  per  cent,  solution,  deleaded  in  the  same  way 
by  shaking  with  ether  and  sodium  diethyldithiocarbamate. 

3.  Potassium  cyanide,  10  per  cent,  solution.  British  Drug  Houses 
Pb  T  is  satisfactory. 

4.  Potassium  cyanide,  1  per  cent,  solution.  Dilute  the  above  10 
per  cent,  solution  with  distilled  water  redistilled  from  glass. 

5.  Ammonia,  S.G,  0-88.  Use  high  grade  analytical  reagent  quality. 

6.  Hydrogen  peroxide,  100  vols. 

7.  Ether,  of  high  grade  analytical  reagent  quality. 

8.  Carbon  tetrachloride,  of  the  same  quality. 

9.  Powdered  sodium  diethyldithiocarbamate. 

10  Dithizone.  Prepare  a  solution  for  use  as  follows.  Dissolve 
about  20  mg.  of  dithizone  in  about  10  ml.  of  carbon  tetrachloride 
or  chloroform  and  extract  this  with  about  10  ml.  of  5  per  cent 

the  dithizone  by  adding  N  hydrochloric 
acid  to  the  ammonia  extract  and  then  take  up  again  in  a  few  ml  of 

rbon  tetrachloride.  I  inally,  just  before  use,  extract  the  dithizone 

for^Le!*^*^^^  ^  ^  This  is  ready 
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11.  Glacial  acetic  acid.  High  grade  analytical  reagent. 

12.  Standard  lead  solution.  Prepare  a  stoek  solution  by  dissolving 
185  mg.  of  lead  acetate  (CHgCO.O^gPh.SHgO,  in  water  to  whieh  has 
been  added  a  little  glaeial  aeetic  acid  and  then  make  up  to  100  ml. 
This  solution  eontains  1  mg.  of  lead  per  ml.  For  use  in  the  test  dilute 
1  ml.  to  100  ml.  with  redistilled  water.  The  solution  now  eontains 
10  /ig.  per  ml. 

Technique.  Evaporate  almost  to  fuming  about  150  ml.  of  the 
deleaded  2  N  sulphuric  acid  in  a  300  ml.  Pyrex  Kjeldahl  flask  using 
small  pieces  of  Pyrex  rod  to  prevent  bumping.  It  should  be  noted 
that  some  glass  beads  contain  lead.  Depending  on  the  speeifie 
gravity  of  the  urine  add  40  to  100  ml.  of  the  urine  slowly  to  this 
concentrated  acid,  using  40  ml.  with  urines  of  high  speeifie  gravity 
and  100  ml.  with  very  dilute  urines  and  intermediate  amounts  with 
other  urines.  The  amount  to  use  can  be  assessed  from  the  appearanee 
of  the  urine.  Fifty  ml.  is  satisfaetory  for  normal  twenty-four-hour 
specimens.  Heat  the  mixture  earefully.  If  it  tends  to  froth,  as  it 
often  does  when  the  greater  part  of  the  water  has  been  driven  off, 
reduce  to  a  very  small  flame  until  this  tendeney  stops.  Then  eon- 
tinue  heating  gently  until  the  eolour  clears  almost  to  colourless. 
This  may  take  one  to  three  hours.  A  few  drops  of  hydrogen  peroxide 
can  be  used  to  hasten  this  process  if  desired.  If  this  is  done,  cool, 
add  the  hvdrogen  peroxide  and  then  gently  heat  again. 

When  oxidation  of  organic  matter  is  complete,  cool,  and  add 
carefully  20  to  30  ml.  of  distilled  water,  redistilled  from  glass,  and 
make  iust  alkaline  to  litmus  with  ammonia.  Add  5  ml.  of  20  per 
cent,  citrate.  Transfer  with  washing  to  a  Pyrex  separating  funnel 
and  add  5  ml.  of  10  per  cent,  potassium  cyanide.  Extract  twice  by 
shaking  with  20  to  30  ml.  of  ether  and  20  to  30  mg.  of  powdered  s^iuin 
diethvldithiocarbamate.  Run  the  extracts  into  a  6  X  1  inch  Pyrex 
test  tube  and  evaporate  off  the  ether.  This  is  most  conveinentlv 
done  bv  allowing  the  ether  to  evaporate  off  spontaneously  b>  placing 
tubls  in  a  wfnn  place  away  fron,  flaines.  Keep  tl,e  tabes  covered 

ToAe  re'Sdue  add  0-4  ml.  of  concentrated  sulphuric  acid  obtained 
by  rcc^ntrating  the  deleaded  2  N  acid  and  destmy  J-.c  ma  er 
bv  heating  gently  until  clear  and  colourless.  Add  4  ml.  ot  dist  lie 

water  recfistilled  from  glass,  0-2  ml.  of  glacial  acetic  acid,  -  -  i  • 

’  •  *■  ofoT*  tn  n  sniall  senarating  funnel  and  wash  out  the 

ammoma,  potasfiunr  cyanide  adding  this  to 

test  tube  with  5  .  P  I  earbon  tetrachloride  and 

the  separating  funnel.  Then  add  a  mi.  m  coloured 

drops  of  tbe  so  iition  o  SUxuIclSl  into  the  carbon  tetra- 
Slfy:^  "g  the  excess  of  dithizoi.  in ami^u. 

r;rfer;^atd;rr“rvf^^^  This  usually 

has  no  appreciable  effect  and  may  ^  2.5  5  7  5  10  ag.  of 

Put  ii’p”!!  series  of  standards  conta  ii^  <h  2  a,  a,  ^ 

iTd'addlng'^T^s  of'^on’e^n^ated’ sulpha  acid,  4  ml.  of  water. 
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aninioiiia,  acetic  acid,  and  so  on  in  the  same  way  as  for  the  test, 
wliicli  is  then  matched  against  the  appro})riate  standard,  or  a  standard 
curve  prepared  for  the  photoelectric  colorimeter  m  which  case  a 
yellow-green  filter,  transmission  at  540  millimicrons  is  employed. 
Remove  traces  of  water  by  shaking  with  a  little  anh3r  droiis  sodium 
sulphate.  Use  the  0  specimen  to  set  the  colorimeter  for  the  standards. 

Carry  out  a  complete  blank  omitting  only  the  urine.  This  is 
usually  about  1  to  1-5  /xg.  and  should  be  subtracted  from  the  reading 
of  the" test.  This  can  be  used  to  set  the  colorimeter  for  reading  the 
unknowns. 

Calculation.  If  a  twenty-four-hour  specimen  of  urine  is  being  used 
the  lead  excretion  can  be  easily  calculated. 

Daily  excretion  in  /xg, 

,  ml.  of  twenty-four  hour  specimen 

=  /xg.  in  the  unknown  x - t — t. — -  ^ - ^ — ^.t — i — i — 

ml,  ot  urine  taken  tor  the  test 


It  may,  however,  not  be  convenient  to  collect  a  twenty-four-hour 
specimen  in  which  case  a  single  specimen  of  urine  can  be  passed 
directly  into  a  Pyrex  flask,  the  specific  gravity  of  such  a  specimen 
determined,  and  a  correction  applied  for  variations  in  concentration 
of  the  urine  by  referring  to  a  specific  gravity  of  1-026  and  expressing 
the  result  as  micrograms  of  lead  per  litre  of  urine  of  this  specific 
gravity.  For  example,  50  ml.  of  urine  were  found  to  contain  4-8  /xg. 
of  lead,  the  blank  being  1-4  /xg.  The  specific  gravity  was  1-022. 
Then 

Corrected  excretion  =  (4-8  —  1-4)  x  X  /xg.  per  litre. 

OU  J.  *U ^  Ji 

=  80  ixg.  per  litre. 

Note.  The  author  agrees  with  Kench  in  preferring  wet  oxidation 
of  the  organic  matter,  but  other  workers  have  chosen  dry  ashing. 
Thus  Tompsett  and  Anderson  (1935)  use  ashing  in  a  silica  basin. 
Otherwise  their  method  is  roughlv  similar  to  the  above  though  differing 
in  details.  ‘  ^ 


INTERPRETATION 

amount  of  lead  excreted  may  be  taken  as  being  between 
and  80  /xg.  claily  or  about  the  same  amount  per  litre  corrected  to 
a  specific  gravity  of  1-026.  It  will  naturally  be  influenced  bv  the 
amount  of  lead  in  the  drinking  water.  In  the  author’s  expedience 
in  the  Manchester  district  the  excretion  in  normal  persons  is  within 
fairly  narrow  limits  averaging  about  40  /xg.  daily. 

poisoning  may  be  increased 

eeks  t  me  if  the  person  is  no  longer  exposed  to  lead  (see  Keneh  etal) 
So,  If  there  ,s  no  recent  exposure  to  lead,  urine  lead  is  not  ofin 

bf  Lre"info"e!’'  “  >"ay 

woTkerrarelxLTd ‘hf? '’‘f  ‘he  hazard  to  which 

kers  are  exposed  m  certain  industries  using  lead  and  lead  com- 
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pounds.  In  such  cases  considerable  amounts  of  lead  are  excreted, 
sometimes  exceeding  200  /^g.  daily.  The  collection  of  single  speci¬ 
mens  from  a  batch  of  workers  engaged  on  a  certain  process  may  thus 
be  used.  An  average  value  for  the  lead  excretion  of  such  a  group 
gives  a  good  indication  of  the  amount  of  lead  which  is  being  absorbed. 
It  is  seen  that  almost  as  much  may  be  found  in  the  urine  of  lead 
workers  who  show  no  symptoms  of  lead  poisoning  as  in  the  urine  of 
patients  actually  suffering  from  acute  lead  poisoning. 


Excretion  of  Lead  in  the  Faeces 

A  much  greater  amount  of  lead  is  present  in  the  faeces  than  in 
the  urine.  This  is  lead  which  has  not  been  absorbed  in  the  intestine. 
A  commonly  accepted  average  figure  is  0-3  mg.  daily,  given  by 
Kehoe  et  al.  (1933),  and  Tompsett  and  Anderson  (1935),  who  give 
0-22  to  0-4  mg.  daily.  There  is,  however,  considerable  variation 
and  it  has  been  suggested  that  amounts  up  to  0-6  mg.  and  even  up 
to  1  mg.,  may  be  reached  before  lead  poisoning  can  be  held  to  be 
present  (see  Kehoe  ;  Tompsett  and  Anderson,  1939). 


Determination  in  Faeces 

Ashing  of  the  faeces  is  desirable.  Dry  the  faeces,  powder  and  weigh 
out  about  1  gram  in  a  small  basin  and  ash  in  the  electric  furnace  at 
about  400°  C.  Dissolve  in  about  100  ml.  of  the  deleaded  2  N  sulphuric 
acid  and  proceed  as  described  for  the  estimation  in  urine. 


Lead  in  Blood 

The  amount  of  lead  in  blood  has  been  held  to  give  the  best  indica¬ 
tion  as  to  whether  there  is  lead  poisoning,  but  the  estimation  is  not 

so  easilv  carried  out  as  w'ith  urine.  _ 

Estimation.  Use  20  ml.  of  citrated  blood  and  proceed  m  the  same 
way  as  described  for  urine,  using  hydrogen  peroxide  to  complete  the 

digestion. 

'^l^TnormTconcentration  in  the  blood  is  in  the  range  10  to  80 
per  WO  ml.  Litzner  and  VVehranch  (1988)  state  that  symptoms  of 

poisoning  may  begin  at  JpeJs  hOTfreported  up 

toToo^pg^er  100°nih  without’ symptoms  (Tompsett  and  Andersom 

1939).  The  ('938) 

above  range  tor  normals,  see  ai^  survev  of  the 

distSon'of  iefd'n  t^he  bo’dy3  fn  foods,  and  of  the  methods  used 
in  its  determination. 

MERCURY 

Determination  in  Urine  permanpnate 

chloride.  The  mercury  is  then  extractea 


1)RU(;S  AND  POISONS 


;ii 


Five  per  eent.  aqueous 


estimated  eolorimetrieally.  .  The  method  as  giv^u  is  derived  from 
the  papers  of  Hubbard  (1940)  and  of  Milton  and  Hoskins  (194^). 

Reagents.  1.  Sulphurie  aeid.  Add  1  volume  of  eoiieentrated 

aeid  carefully  to  2  volumes  of  water. 

2.  Solid  potassium  permanganate. 

3.  Hydroxylamine  hydrochloride. 

solution.  1  i- 

4.  Stock  dithizone  solution.  One  hundred  mg.  per  100  ml.  ot 

chloroform.  Purify  the  dithizone  as  in  the  case  of  lead  estimation, 
that  is,  dissolve  in  chloroform  and  extract  from  this  with  5  per  cent, 
ammonia,  prceijiitate  with  weak  hydrochloric  acid  from  the  ammonia 
extract,  take  up  in  chloroform,  evaporate  off  the  chloroform  and  dry 
in  an  incubator. 

5.  Dithizone  solution  for  use.  Dilute  5  ml.  of  stock  solution  to 
100  ml.  of  chloroform.  This  solution  contains  5  mg.  dithizone  per 
100  ml. 

6.  Stock  mercuric  chloride  solution  containing  0-135  gram  per 
100  ml.  of  solution.  This  contains  1  mg.  mercury  per  ml. 

7.  Dilute  mercuric  chloride  solution.  Dilute  1  ml.  of  stock  solution 
to  100  ml.  so  that  1  ml.  contains  10  /Mg.  of  mercury. 

Technique.  Measure  50  ml.  of  urine  into  a  200  ml.  round  flask 
fitted  either  with  a  cold  finger  condenser  or  a  reflux  condenser. 
Considerable  care  has  to  be  taken  during  the  oxidation  of  the  organic 
matter  to  avoid  loss  of  mercury  by  volatilization,  hence  the  use  of 
the  condensers  and  only  moderate  heat.  Add  10  ml.  of  sulphuric  acid 
and  about  a  third  of  a  gram  of  potassium  permanganate.  Heat 
gently  on  a  water  bath.  Continue  adding  further  portions  of  per¬ 
manganate  at  intervals  until  the  colour  of  the  permanganate  persists. 
Cool  and  add  hydroxylamine  hydrochloride,  drop  by  drop,  until  the 
solution  is  decolorized.  Add  2  ml.  excess,  heat  to  boiling  for  a 
minute  and  cool.  Transfer  quantitatively  to  a  separating  funnel  and 
extract  three  times  with  5  ml.  of  the  weak  dithizone  solution.  Make 
up  the  combined  dithizone  extracts  to  15  ml.  with  further  weak 
dithizone  solution. 

The  only  metal  which  is  likely  to  be  present  in  urine  and  combine 
with  dithizone  at  this  very  acid  pH  is  copper.  Hubbard  extracted 
the  mercury  into  an  aqueous  phase  with  sodium  thiosulphate  but 
iVIilton  and  Hoskins  state  that  selective  extraction  of  mercury  by 
dilute  thizone  as  described  above  is  j)ossible  and  give  examples  of 
solutions  containing  mercury  and  copper,  with  the  latter  in  excess, 
so  extracted  without  interference  from  the  copper.  The  author  has 
confirmed  this. 

Carry  through  a  complete  blank  on  the  reagents,  and  prepare  for 
the  photoelectric  colorimeter  a  series  of  standards  from  the  weak 
merenrie  chloride  solution  by  extracting  solutions  containing  0  10 

20  30,  40  and  50  ^g.  of  mercury  in  the  same  wav  as  the  extrac-tioii 
of  tile  test, 

follows"’'"'"  *"  «'r.  1)0  estimated  as 

(a)  Using  a  bluc-grccn  l-ilter,  tninsmission  at  180  millimiorons, 
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and  a  double-ended  eolorinieter,  plaee  tlie  test  on  one  side  and  the 
nnclianged  weak  dithizone  solution  on  the  other.  In  this  way,  the 
colours  from  the  series  of  standards  are  also  read,  a  curve  prepared 
and  the  value  of  the  test  read  from  this.  The  difference  between 
test  and  blank  gives  the  amount  of  mercury  present  in  the  volume 
of  urine  taken. 

{b)  The  above  method  may  not  be  suitable  for  some  colorimeters. 
Milton  and  Hoskins  shake  the  dithizone  extract  twice  with  10  ml. 
of  5  per  cent,  ammonia  to  remove  the  excess  dithizone.  The  mercury 
dithizonate  remains  in  the  chloroform  layer.  Shake  with  anhydrous 
sodium  sulphate,  filter,  and  read  in  the  colorimeter  using  a  blue-green 
filter,  transmission  at  480  millimicrons.  Prepare  a  standard  curve 
from  the  above  standards  similarly  treated. 

INTERPRETATION 

Estimation  of  mercury  in  the  urine  has  been  used  in  connection 
with  acrodynia  (pink  disease)  in  infants.  Teething  powders  con¬ 
taining  calomel  are  the  source.  In  normal  urines  up  to  about  8  [xg. 
])er  100  ml.  of  urine  may  be  found.  In  some  infants  with  pink 
disease  amounts  up  to  about  200  /xg.  per  100  ml.  have  been  found. 
There  is  not  general  agreement  as  regards  the  part  mercury  may 
play  in  the  aetiology  of  this  condition  (see  Warkany  and  Hubbard, 

1948,  1951).  .  .  •  I 

The  estimation  is  also  of  value  occasionally  in  connection  with 
workers  exposed  to  mercury  in  industrial  processes.  Such  \vorkers 
niav  excrete  as  much  as  a  milligram  and  over  in  a  day.  See,  for 
exaniple,  Buckett  et  al.  (1946),  who  found  a  daily  excretion  of  5  to 
90  /xg.  in  normal  controls  and  up  to  2,360  /xg.  in  workers  exposed  to 

mercury. 


exp.  Ther.,  80, 
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UNITS 


1  cm.  .  .  = 

0-3937  in. 

1  in.  . 

= 

2-540  cm. 

1  metre  .  = 

3-281  ft. 

1  ft.  . 

= 

30-48  cm. 

1  kilometre .  = 

1093-6  yd. 

1  yd.  . 

= 

0-9144  metre. 

1  sq.  cm.  .  = 

0-155  sq.  in. 

1  sq.  in. 

= 

6-452  sq.  cm. 

1  sq.  metre.  — 

10-764  sq.  ft. 

1  sq.  ft. 

= 

0-0926  sq.  metre. 

1  sq.  yd.  . 

= 

0-836  sq.  metre. 

1  cu.  cm.  .  = 

0-0610  cu.  in. 

1  cu.  metre 

= 

1-308  cu:  yd. 

1  cu. in.  ^ .  = 

16-39  millilitres. 

1  cu.  ft. 

28-32  litres. 

1  cu.  yd.  .  = 

0-765  cu.  metres. 

1  pint  =  568-25 

ml.  ==  20  fi.  oz. 

1  qt. 

= 

1-136  litres. 

1  gall.  .  = 

4-546  litres. 

1  litre 

1-760  pints. 

1  gram  .  = 

15-43  grains. 

1  oz. 

= 

28-35  grams. 

1  kilogram  .  = 

2-205  lb. 

1  lb.  • 

453-6  grams. 

Note  that  the  primary  unit  of  volume,  the  litre,  is  defined  as  the 
volume  of  a  kilogram  of  pure  water  at  4°  C.  760  mm.  Hg.  One  milli¬ 
litre  is  a  thousandth  part  of  a  litre.  This  is  almost,  but  not  quite,  the 
same  as  a  eubic  centimetre,  the  relation  being 

1,000  ml.  =  1000  027  c.c. 

The  cubic  centimetre  is  derived  from  the  standard  unit  of  length, 
the  metre.  A  cubic  centimetre  of  water  was  intended  to  weigh  a 
gram,  but  more  accurate  measurements  of  the  standards  adopted 
have  shown  that  there  is  the  slight  difference  stated  above. 


STANDARDS  FOR  VOLUMETRIC  ANALYSIS 

The  following  “Analar”  chemicals  are  recommended  by  British 
Drug  Houses  for  use  as  primary  standards.  They  are  anhydrous 
salts  and  may  be  dried  by  heat  without  change  of  composition  The 

amounts  given  are  for  N/10  solutions. 

Sodium  carbonate  (anhydrous) 

Sodium  oxalate 
Sodium  chloride 
Potassium  iodate  . 

Potassium  dichroniate 

As  secondary  standards  the  following  may  be  used.  These  are 
liable  to  gam  or  lose  moisture  in  accordance  with  the  humiditv  of 
the  atmosphere  and  the  care  with  which  they  are  stored.  ^ 

I errous  ammonium  sulphate  .  39-21  grams  FeS04(NH,),SO 

6H2O  per  litre.  ' 

•  6-3025  grams  (C00H)22H,0  per 

litre. 

-  16-989  grams  AgNOg  per  litre. 
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5-300  grams  per  litre. 
„ 

5-845  „ 

3- 567  „ 

4- 904 


Oxalic  acid  . 
Silver  nitrate 

P.O.B. 
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Potassium  hydrogen  phthalate  20-41  grams  COOH .  C6H4COOK  per 
(for  alkalies).  litre. 

Antimony  potassium  tartrate  16-245  grams,  KSb0C4H406  per 
(for  iodine).  litre. 

Sodium  borate  (for  hydrochloric  19-07  grams,  Na2B407,  lOHgO  per 
acid).  litre. 

British  Drug  Houses  have  now  available  ampoules  of  concentrated 
volumetric  solutions,  containing  approximately  50  ml.  of  solution, 
w'hich  when  diluted  to  500  ml.  with  distilled  water,  give  an  accurately 
standardized  solution.  These  cover  all  the  commonly  used  volu¬ 
metric  solutions  and  should  be  useful  for  small  laboratories.  They 
are  sold  in  cartons  containing  seven  ampoules. 


INDICATORS 


Thymol  blue  (acid 
range). 

Topfer’s  reagent 

Bromphenol  blue  . 

Methyl  orange 
Congo  red 

Bromcresol  green  . 

Methyl  red  . 
Chlorphenol  red 

Bromcresol  purple  . 

Litmus 

Bromthymol  blue  . 
Phenol  red 
Cresol  red 


pH  range 

Colour  change 

1-2-  2-8 

Red  to  yellow. 

01  gm.,  43  ml.  N/20 
NaOH,  to  250  ml.  with 


2  9-  4-2 

3  0-  4  6 

3  0-  4-4 
a-0-  4-5 

3-8-  5-4 


Red  to  yellow. 

Yellow  to  blue. 

Red  to  yellow-. 
Blue  to  red. 

Yellow  to  green. 


4- 4-  6-2 

5  0-  6-6 

5- 2-  6-8 

4-5-  8-3 

6  0-  7-6 

6- 8-  8-4 

7- 2-  8-8 


Red  to  yellow. 
Yellow  to  red. 

Yellow  to  purple. 

• 

Red  to  blue. 
Yellow  to  blue. 

Yellow  to  red. 

Yellow-  to  red. 


w-ater. 

0-5  gm.  in  100  ml.  95  per 
cent,  alcohol. 

01  gm.,  3  ml.  N/20  NaOH, 
to  250  ml.  with  water. 

0-1  gm.  in  100  ml.  w-ater. 

0-5  gm.,  90  ml.  water,  10 
ml.  alcohol. 

01  gm.,  2-9  ml.  N/20 
NaOH,  to  250  ml.  with 
water. 

0-05  gm.  in  100  ml.  50  per 
cent,  alcohol. 

01  gm.,  4-8  ml.  N/20 
NaOH,  to  250  ml.  with 


water. 

01  gm.,  3-7 


.  ...  ml.  N/20 

NaOH,  to  250  ml.  with 


water. 


01  gm.,  3-2  ml.  N/20 
NaOH,  to  250  ml.  with 


w-ater. 

1  gm.,  5-7  ml.  N/20 
NaOH,  to  250  ml.  with 
water. 

il  gm.,  5-3  ml.  N/2 
NaOH,  to  250  ml.  with 


Thymol  blue  (alka¬ 
line  range). 

Phenolphthalein 


8  0-  9-6 
8-3-100 


Thymolphthalein 
Alizarin  yellow  9 


9-3-10-5 

101-121 


Tropa-olin  O  . 


If  stronger  solutions  are 
250  ml.  where  stated. 


Yellow-  to  blue. 

Colourless  to  red. 

Colourless  to  blue. 
Colourless  to 
yellow. 

Yellow  to  orange. 


As  abcree. 

0-1  to  1  per  cent,  in  50  per 
cent,  alcohol. 

0-1  per  cent,  in  alcohol. 

01  per  cent,  in  water. 

01  per  cent,  in  w-ater. 


required,  make  up 


to  100  ml.  instead  of 
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BUFFER  MIXTURES 

The  following  mixtures,  which  cover  the  range  from  pB.  1-2  to 
10-0,  are  those  of  Clark.  {“  Determination  of  Hydrogen  Ions, 
3rd  ed.,  Bailliere,  Tindall  and  Cox,  London.) 


I.  KCl-HCl  Mixtures  (at  20°  C.) 

Ml.  M/5  HCl  to  be  added  to  50  ml.  M/5  KCl  and  diluted  to  200  ml.  : 


ml.  M/5  HCl 

pH 

ml.  M/5  HCl 

pH 

ml.  M/5  HCl 

1-2 

1-4 

65-5 

41-5 

1-6 

1-8 

26-3 

16-6 

2-0 

2-2 

10-6 

6-7 

II.  Phihalate-HCl  Mixtures  (at  20°  C.) 

Ml.  M/5  HCl  to  be  added  to  50  ml.  of  M/5  potassium  hydrogen 
phthalate  and  diluted  to  200  ml.  : 

j)H 

ml.  M/5  HCl 

pH 

ml.  M/5  HCl 

pH 

ml.  M/5  HCl 

2*2 

2-4 

2-6 

46-60 

39-60 

33-00 

2-8 

3-0 

3-2 

26-50 

20-40 

14-80 

3-4 

3-6 

3-8 

9-95 

6-00 

2-65 

HI.  Phthalate-NaOH  Mixtures  (at  20°  C.) 

Ml.  M/5  NaOH  to  be  added  to  50  ml.  of  M/5  potassium  hydrogen 
phthalate  and  diluted  to  200  ml. 

pH 

ml.  M/5  NaOH 

pH 

ml.  M/5  NaOH 

pH 

ml.  M/5  NaOH 

4-0 

4-2 

4-4 

4-6 

0-40 

3-65 

7-35 

12-00 

4- 8 

5- 0 

5-2 

5-4 

17-50 

23-65 

29-75 

35-25 

5-6 

5- 8 

6- 0 

6-2 

39-70 

43-10 

45-40 

47-00 

IV.  Potassium  Dihydrogen  Phosphate-NaOH  Mixtures  (at  20°  C.) 
200*m'’'*  and  diluted  to 

pH 

ml.  M/5  NaOH 

pH 

ml.  M/5  NaOH 

pH 

ml.  M/5  NaOH 

5- 8 

60 

6- 2 

6-4 

3-66 

5-64 

8-55 

12-60 

6-6 

6-8 

7-0 

7-2 

17-74 

23-60 

29-54 

34-90 

7-4 

7-6 

7- 8 

8- 0 

39-34 

42-74 

45- 17 

46- 85 

LL  2 
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V.  Boric  Acid,  KCl-NaOH  Mixtures  (at  20°  C.) 

Ml.  M/5  NaOH  to  be  added  to  50  ml.  of  M/5  H3BO3-M/5  KCl  and 
diluted  to  200  ml. 


pH 

ml.  M/5  NaOH 

pH 

ml.  M/5  NaOH 

pH 

ml.  M/5  NaOH 

7-8 

2-65 

8-6 

12-00 

9-4 

32-00 

8-0 

4-00 

8-8 

16-40 

9-6 

36-85 

8-2 

5-90 

9-0 

21-40 

9-8 

40-80 

8-4 

8-55 

9-2 

26-70 

10-0 

43-90 

Sorenson  has  used  a  different  set  of  buffer  mixtures,  some  of  which 
are  as  follows. 


VI.  Mixtures  of  M/15  KH2PO^  and  Mj\5  NaJtlPOi^ 

M/15  potassium  dihydrogen  phosphate,  9-078  grams  KH2PO4  per 
litre  of  solution. 

M/15  disodium  hydrogen  phosphate,  11-876  grams  Na2HP04,  2H2O 
(Sorenson’s  salt)  per  litre  of  solution. 


pH 

ml.  M/15 
Na,HPO, 

ml.  M/15 
KH,PO, 

pH 

ml.  M/15 
NajHPO, 

ml.  M/15 
KHjPO, 

5-8 

8-0 

92-0 

7-10 

66-6 

33-4 

5-9 

9-9 

90-1 

7-15 

69-2 

30-8 

6-0 

12-2 

87-8 

7-20 

72-0 

28-0 

6-1 

15-3 

84-7 

7-25 

74-4 

25-6 

6-2 

18-6 

81-4 

7-30 

76-8 

23-2 

6-3 

22-4 

77-6 

7-35 

78-9 

21-1 

6-4 

26-7 

73-3 

7-40 

80-8 

19-2 

6-5 

31-8 

68-2 

7-45 

82-5 

17-5 

6-6 

37-5 

62-5 

7-50 

84-1 

15-9 

6-7 

43-5 

56-5 

7-55 

85-7 

14-3 

6-8 

49-6 

50-4 

7-60 

87-0 

13-0 

6-85 

52-5 

47-5 

7-65 

88-2 

11-8 

6-90 

6- 95 

7- 00 
7-05 

55-4 

58-2 

61-1 

63-9 

44-6 

41-8 

38-9 

36-1 

_ 

f-70 

7-75 

7-80 

7-9 

89- 4 

90- 5 

91- 5 
93-2 

10-6 

9-5 

8-5 

6-8 

VII.  Mixtures  for  pH  range  from  2-6  to  12-0  (Johnson  and  Lindsay. 
1939,  Analyst,  64,  490)  . 

Prepare  a  solution  containing  6-008  grams  of  citric 

3-898  grams  of'pure  diethyl  barbituric  acid 

of  boric  acid  (A.R.)  and  5  2  g  y^j^oxide  (carbonate-free) 

pH  values  are  as  follows  : 
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pB. 

ml.  N/5  NaOH 

pB 

ml.  N/5  NaOH 

pB 

ml.  N/5  NaOH 

2-6 

20 

5-8 

36-5 

9-0 

72-7 

2-8 

4-3 

6-0 

38*9 

9-2 

740 

30 

6'4 

6-2 

41-2 

9-4 

75-9 

3-2 

8-3 

6-4 

43-5 

9-6 

77-6 

3-4 

10-1 

6-6 

46-0 

9-8 

79*3 

3-6 

11-8 

6-8 

48-3 

100 

80-8 

3-8 

13-7 

7-0 

50-6 

10-2 

82-0 

4-0 

15-5 

7-2 

52-9 

10-4 

82-9 

4-2 

17-6 

7-4 

55-8 

10-6 

83-9 

4*4 

19-9 

7-6 

58-6 

10-8 

84-9 

4-6 

22-4 

7-8 

61-7 

11-0 

86-0 

4-8 

24-8 

8-0 

63-7 

11-2 

87-7 

5-0 

271 

8-2 

65-6 

11*4 

89-7 

5-2 

29-5 

8-4 

67-5 

11*6 

92-0 

5-4 

31-8 

8-6 

69-3 

11-8 

95-0 

5*6 

34-2 

8-8 

71-0 

12-0 

99-6 

BOILING  POINTS 


Ethyl  ether  .  .  .  .  . 

Petroleum  ether.  Various  fractions  :  . 


Light  petroleum 
Carbon  disulphide 
Acetone  . 
Chloroform 
Methyl  alcohol 
Ethyl  acetate  . 
Carbon  tetrachloride 
Ethyl  alcohol  . 
Benzene 
Isobutyl  alcohol 
Toluene  . 

Pyridine  . 
n-butyl  alcohol 
Glacial  acetic  acid 
Isoamyl  alcohol 
Xylene,  p- 
m- 
0- 

Isoamyl  acetate 
Aniline  . 
Nitrobenzene  . 


35°  C. 

Below  40°,  40°  to  60°, 
50°  to  60°,  60°  to  80°, 
80°  to  100°,  100°  to 
120°  ;  above  120°  C. 
40°  to  50°,  50°  to  60°  C. 
46-2° 

56-5° 

61° 

66° 

77° 

78° 

78° 

80° 

106° 

111° 

115° 

117° 

119° 

131° 

137° 

139° 

142° 

139° 

183° 

210° 


518 


PRACTICAL  CLINICAL  BIOCHEMISTRY 


STANDARD  WEIGHTS  ACCORDING  TO  HEIGHT  AND  AGE 

{From  ''A  Textbook  of  Dietetics,’'  L.  S.  P.  Davidson  and 
I.  A.  Anderson.  E.  S.  Livingstone) 


Age  Period 


Height 

15-19 

20-24 

25-29 

30-34 

35-40 

41-44 

45-49 

50-54 

55- 

Men  : 
ft.  in. 

4  11 

5  0 

5  1 

5  2 

5  3 

5  4 

5  5 

5  6 

5  7 

5  8 

5  9 

5  10 

5  11 

6  0 

6  1 

6  2 

6  3 

st.  lb. 

7  13 

8  1 

8  3 

8  6 

8  9 

8  12 

9  2 

9  6 

9  10 

10  0 

10  4 

10  8 

10  13 

11  4 

11  9 

12  0 

12  5 

st.  lb. 

8  3 

8  7 

8  9 

8  12 

9  1 

9  5 

9  9 

9  13 

10  2 

10  6 

10  10 

11  0 

11  4 

11  9 

12  0 

12  5 

12  10 

st.  lb. 

8  10 

8  12 

9  0 

9  2 

9  5 

9  8 

9  12 

10  2 

10  6 

10  10 

11  0 

11  4 

11  9 

12  1 

12  7 

12  13 

13  5 

st.  lb. 

8  13 

9  1 

9  3 

9  5 

9  8 

9  11 

10  1 

10  5 

10  9 

11  0 

11  4 

11  9 

12  0 

12  6 

12  12 

13  4 

13  10 

st.  ib. 

9  1 

9  3 

9  5 

9  7 

9  10 

10  0 

10  4 

10  8 

10  12 

11  3 

11  8 

11  13 

12  4 

12  10 

13  2 

13  9 

14  1 

st.  lb. 

9  4 

9  6 

9  8 

9  10 

9  13 

10  2 

10  6 

10  10 

11  0 

11  5 

11  10 

12  1 

12  7 

12  13 

13  5 

13  12 

14  5 

st.  ib. 

9  6 

9  8 

9  10 

9  12 

10  1 

10  4 

10  8 

10  12 

11  2 

11  7 

11  12 

12  3 

12  9 

13  1 

13  8 

14  1 

14  8 

st.  ib. 

9  7 

9  9 

9  11 

9  13 

10  2 

10  5 

10  9 

10  13 

11  3 

11  8 

11  13 

12  4 

12  10 

13  2 

13  9 

14  2 

14  9 

st.  lb. 

9  8 

9  10 

9  12 

10  0 

10  3 

10  6 

10  10 

11  0 

11  4 

11  9 

12  0 

12  5 

12  11 

13  3 

13  10 

14  3 

14  10 

Women 

4  11 

5  0 

5  1 

5  2 

5  3 

5  4 

5  5 

5  6 

5  7 

5  8 

5  9 

5  10 

5  11 

6  0 

7  12 

8  0 

8  2 
a  5 

8  8 

8  11 

9  0 

9  4 

9  8 

9  12 

10  1 

10  5 
10  10 

11  1 

8  1 

8  3 

8  5 

8  8 

8  11 

9  0 

9  3 

9  7 

9  11 

10  1 

10  5 
10  9 

10  13 

11  3 

8  4 

8  6 

8  8 

8  10 

8  13 

9  3 

9  6 

9  10 

10  0 

10  4 

10  8 

10  12 

11  1 

11  5 

8  7 

8  9 

8  11 

8  13 

9  2 

9  6 

9  10 

10  0 

10  4 

10  8 
10  12 

11  1 

11  4 

11  8 

8  10 

8  12 

9  0 

9  3 

9  6 

9  10 

10  0 

10  4 

10  8 

10  12 

11  2 

11  5 

11  8 

11  11 

9  0 

9  2 

9  4 

9  7 

9  10 

9  13 

10  3 

10  7 

10  11 

11  1 

11  5 

11  8 

11  12 

12  1 

9  3 

9  5 

9  7 

9  10 

9  13 

10  2 

10  6 

10  11 

11  1 

11  5 

11  9 

11  12 

12  2 
12  5 

9  5 

9  7 

9  9 

9  12 

10  1 

10  4 

10  8 

10  12 

11  3 

11  8 

11  12 

12  2 
12  6 
12  9 

9  6 

9  8 

9  10 

10  0 

10  3 

10  6 

10  10 

10  13 

11  4 

11  9 

11  13 

12  5 

12  9 

13  0 

Height.  Without  shoes. 

Weiglit  Indoor  clothes  without  shoes. 
For  naked  weight  subtract  10  ib.  for  men, 


6  lb.  for  women. 
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ATOMIC  WEIGHTS  (1949) 


Aluminium 

A1 

13 

26-97 

Molybdenum 

Mo 

42 

95-95 

Antimony. 

Sb 

51 

121-76 

Neon 

• 

Ne 

10 

20-183 

Argon 

A 

18 

39  944 

Nickel 

• 

Ni 

28 

58-69 

Arsenic 

As 

33 

74-91 

Nitrogen  . 

• 

N 

7 

14-008 

Barium 

Ba 

56 

137-36 

Osmium  . 

• 

Os 

76 

190  2 

Beryllium . 

Be 

4 

9  013 

Oxygen  . 

O 

8 

16-000( 

Bismuth  . 

Bi 

83 

209-00 

Palladium 

• 

Pd 

46 

106-7 

Boron 

B 

5 

10-82 

Phosphorus 

• 

P 

15 

30-98 

Bromine  . 

Br 

35 

79  916 

Platinum 

• 

Pt 

78 

195-23 

Cadmium  . 

Cd 

48 

112-41 

Potassium 

K 

19 

39-096 

Caesium 

Cs 

55 

132  91 

Radium  . 

Ra 

88 

226-05 

Calcium  . 

Ca 

20 

40-08 

Radon 

Rn 

86 

222 

Carbon 

C 

6 

12-01 

Rubidium 

Rb 

37 

85-48 

Cerium 

Ce 

58 

140-13 

Scandium 

Sc 

21 

45-10 

Chlorine  . 

Cl 

17 

35  457 

Selenium 

Se 

34 

78-96 

Chromium 

Cr 

24 

52-01 

Silicon 

Si 

14 

28-06 

Cobalt  .  ■  . 

Co 

27 

58-94 

Silver 

• 

Ag 

47 

107-880 

Copper 

Cu 

29 

63-54 

Sodium  . 

Na 

11 

22-997 

Fluorine  . 

F 

9 

19-000 

Strontium 

• 

Sr 

38 

87-63 

Gallium 

Ga 

31 

69-72 

Sulphur  . 

• 

S 

16 

32-066 

Gold 

Au 

79 

197-2 

Tantalum 

Ta 

73 

180-88 

Helium 

He 

2 

4  003 

Tellurium 

Te 

52 

127-61 

Hj^drogen 

H 

1 

1-0080 

Thalliiun 

. 

T1 

81 

204-39 

Iodine 

I 

53 

126  92 

Thorium  . 

Th 

90 

232-12 

Iridium 

Ir 

77 

193-1 

Tin. 

, 

Sn 

50 

118-70 

I  ron . 

Fe 

26 

55-85 

Titanium 

Ti 

22 

47-90 

Krj'pton  . 

Kr 

36 

83-7 

Tungsten 

. 

W 

74 

183  92 

Lead 

Pb 

82 

207-21 

Uranium 

, 

U 

92 

238-07 

Lithium  . 

Li 

3 

6-940 

Vanadium 

V 

23 

50  95 

Magnesium 

Mg 

12 

24-32 

Xenon 

Xe 

54 

131-3 

Manganese 

Mn 

25 

54-93 

Zinc 

Zn 

30 

65-38 

Mercury  . 

Hg 

80 

200-61 

Zirconium 

Zr 

40 

91-22 
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Absorption  curve,  27 
Acetanilide,  cause  of  met-  and 
sulphaemoglobinaemia,  405 
Acetest,  74 

Acetic  acid,  preservative  for  ascorbic 
acid,  427 

Acetoacetic  acid,  73 

decomposed  by  heat,  73 
determination  in  blood  and  urine, 
74-78 

tests  for,  73 
Acetone,  73 

determination  in  blood  and  urine, 
74-78 
test  for,  74 
Achlorhydria,  210 
age  incidence  of,  206 
histamine-resistant,  214 
Acholuric  jaundice,  228.  (See  also 
Haemolytic  jaundice.) 
faecal  urobilinogen  in,  238 
serum  bilirubin  in,  230 
type  of  jaundice  in,  228 
Achylia  gastrica,  210 

effect  of  histamine  in,  214 
Acid-base  balance,  353 

factors  controlling,  353 
Acid  haematin,  406 

in  gastric  contents,  205 
spectrum  of,  396 
wave-length  of  bands  of,  395 
Acid  phosphatase,  .309,  314.  {See 
Serum  acid  phosphatase.) 

Acidosis,  359 

alkali  reserve  in,  359-361 
alveolar  carbon  dioxide  in,  364 
compensated,  359,  366 
in  diabetic  coma,  80,  360 
hyperchloraemic  renal,  360 
plasma  pH  in,  366 
in  starvation,  360 
in  uraemic  coma,  1.35,  360 
Acrodynia,  urine  mercury  in,  512 
.Acromegaly,  basal  metabolism  in,  385 
blood  sugar  in,  43 
corticosteroid  excretion  in,  456 
glucose  tolerance  in,  47 
insulin  tolerarfce  test  in,  54 
17-ketosteroid  excretion  in,  443 
.Acute  glomerulonephritis,  chemical 
findings  in,  132 
oedema  fluid  in,  474 
Addisonian  anaemia.  {See  Pernicious 
anaemia.) 

Addison’s  disease,  acid-base  balance  in, 
348 


Addison’s  disease,  albuminuria  in,  88 
basal  metabolism  in,  385 
blood  sugar  in,  43 
blood  urea  in,  110 
chloride  loss  in,  342 
corticosteroid  excretion  in,  456 
Cutler  test  for,  342 
fractional  test  meal  in,  210 
glucose  tolerance  in,  48 
hypoglycaemic  coma  in,  81 
insulin  tolerance  test  in,  54 
Kepler  test  for,  343 
17-ketosteroid  excretion  in,  440 
plasma  chlorides  in,  342 
serum  potassium  in,  351 
sodium  in,  342 
tests  for,  342 

Adrenals.  {See  Addison’s  disease, 
Cushing’s  syndrome,  hyper-  and 
hypo-adrenalism. ) 

Adrenaline,  effect  on  blood  sugar,  43 
on  serum  potassium,  351 
Adrenocorticotrophic  hormone 
(A.C.T.H.),  effect  on 
corticosteroid  excretion, 456 
on  glucose  tolerance,  48 
on  uric  acid  excretion,  153 
.^Itioporphyrin,  407 
Age,  effect  on  basal  metabolism,  370, 
371 

on  glucose  tolerance,  47 
incidence  of  achlorhydria,  206 
Albumin,  in  blood.  {See  Plasma 
proteins.) 

in  cerebrospinal  fluid,  465 
in  urine.  {See  Urine  proteins.) 
Albumin-globulin  ratio,  in  cerebro¬ 
spinal  fluid,  466,  469 
in  plasma,  178-180 
in  urine,  90 

Albumin-haemochromogen,  393 
spectrum  of,  396 
wave-length  of  bands  of,  395 
Albuminuria.  {See  Proteinuria  and 
urine,  proteins.) 

Alcohol,  determination  in  blood  and 
urine,  494 
interpretation,  495 
test  meal,  214 

Alizarin  yellow  9,  as  indicator,  514 
Alkali  reserve,  359.  {See  also  Plasma 
bicarbonate.) 
definition,  359 

determination  in  plasma,  354 
interpretation,  359 
normal  range,  359 


521 


522 


INDEX 


Alkaline  hsematin,  406 

method  for  determining  haemo¬ 
globin,  400 
8])ectrum  of,  397 
wave-length  of  bands  of,  395 
methaemoglobin,  formation  of,  400 
spectrum  of,  396 
wave-length  of  bands  of,  395 
phosphatase,  309-314.  {See  also 
Serum  alkaline  phosphatase.) 
.■\lkalosis,  359 

causes  of,  359-361 
plasma  pH  in,  366 
Alkaptonuria,  68,  490 
Allo-pregnanediol,  443,  448 
Allo-series  of  steroids,  435 
Alveolar  air,  363 

carbon  dioxide  content  of,  362 
determination  of,  363 
interpretation,  364 
normal  range,  364 

Amidopyrine,  in  urine,  cause  of 
abnormal  colour  of,  492 
Amino-acids.  See  Blood  amino-acids. 


153 

See  Urine  amino-acids,  156 
p-aminohippuratc,  clearance,  126 

determination  in  blood  and  urine. 


130, 131 

p-aminosalicylic  acid,  determination  in 
serum  and  urine,  500,  501 
interpretation,  501 

Ammonia,  formation  from  urea  in 
blood  on  keeping,  7 
in  urine  on  keeping,  11 
in  blood,  139 

in  urine  366.  See  Urine  ammonia, 
coefficient,  367 

Ammonium  magnesium  j)hosphate, 
crystals  in  faeces,  278 
in  urine  deposits,  92 
in  calculi,  481 

sulphate  separation  of  globulins,  in 
plasma,  161,  163 
in  cerebrospinal  fluid,  46.5 
Amorphous  phosphates  in  urine 
deposits,  92 

urates  in  urine  deposits,  95 
Amylase,  262  *  ^ . 

detcriTiination  in  duodenal  contents, 


2(i6 

serum,  determination  in,  268-272 
interpretation,  273 
urine,  determination  in,  272 
interpretation,  273 
Amyloid  disease,  131 

Congo  red  test  in,  131 
nephrosis,  132 

Amvtal  and  amytal  soluble,  497 
Anemia.  Ila-molytic  anamia. 

Microcytic  anamia,  1  ernicious 
anamia. 


Anamia,  anoxia  in,  .389 
blood  chloride  in,  332 
serum  calcium  in,  299 
Anasthesia,  blood  sugar  in,  43 
glycosuria  in,  66 
Androgens,  434 
Androsterone,  434 

in  a-fraction  of  17-ketosteroids,  434, 
441 

secreted  by,  439 
Aneurin.  See  Vitamin  Bj. 

Angina  pectoris,  blood  cholesterol  in, 
189 

Aniline,  cause  of  met  and  sulphamo- 
globinamia,  405 

Anorexia  nervosa,  basal  metabolism 
in,  386 

differentiation  from  Simmonds’ 
disease,  54,  440 
insidin  tolerance  test  in,  54 
17-ketosteroid  excretion  in,  440 
Anoxamia,  389 
Anoxia,  389 

Anthocyanins  in  urine,  effect  on  colour 
of,  491 

Anticoagulants,  5-6 
Antipyrine,  cause  of  met  and  sul- 
phamoglobinamia,  405 
excreted  as  glucuronate,  67 
Anuria,  13 

Arsenic  drugs,  cause  of  hamo- 
globinamia,  404 

Arsenical  jaundice,  cephalin  cholesterol 
flocculation  test  in,  248 
I  flocculation  tests  in,  summary,  250 
serum  colloidal  gold  test  in,  246 
thymol  turbidity  test  in,  245 
Arsenoniolybdate  reagent  of  Nelson,  34 
Arterial  blood,  colleetion  of,  2 
similar  to  capillary  blood,  2 
I  Arthritis,  blood  uric  acid  in,  152 
I  Ascitic  fluid,  examination  of,  474 

loss  of  protein  in,  if  tapped,  179 
Ascorbic  acid,  425.  See  also  under 
Vitamin  C. 
saturation  tests,  428 
As|)hyxia,  blood  sugar  in,  43 
glycosuria  in,  66 
Aspirin.  See  Salicylates. 

Asthma,  fractional  test  meal  m,  210 
Atomic  weights,  519 
Aufrecht  tube,  89 
Azotacmic  nephritis,  134 

Babcock  tube  for  milk  fat,  477 
Balance  experiments,  calcium,  301 
fat  290 

Barbitone  and  barbitone  soluble,  49/ 
Barbiturates,  determination  m  bocl> 
fluids,  495 
formulae  of,  497 
Barbituric  acid,  497 
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Barium  hydroxide,  used  in  j)rotein 
precipitation,  9,  36 
salts,  as  faecal  concretions,  486 
effect  on  colour  of  faeces,  493 
interference  in  faecal  fat  deter¬ 
mination,  289 
Barrier  layer  cells,  19 
Basal  metabolism,  370 

Benedict-Roth  apparatus  for,  382 
definition  of,  370 
determination,  374-384 

closed  circuit  methods,  380 
open  circuit  methods,  376 
effect  of  age  on,  370 
of  fever  on,  385 
of  previous  diet  on,  384,  385 
of  sex  on,  370 
of  size  on,  370 
factors  influencing,  370 
interpretation,  385 
preparation  of  patients  for  deter¬ 
mination  of,  384 
related  to  surface  area,  370 
standards  for,  371-374 
tests  on  out-patients,  384 
in  thyroid  disease,  385 
Bases,  of  blood,  347 
conservation  of,  353 
Beer’s  law,  18 

Beetroot,  cause  of  abnormal  colour  of 
urine,  491 

Bence-Jones’  protein,  85 

amount  excreted  daily,  90 
detection  of,  86 
significance  of,  85 
temperature  at  which  coagulated, 
86 

Benedict’s  method  for  determining 
blood  sugar,  35 

Benedict’s  qualitative  solution,  56 

minimum  amount  of  reducing 
substance  detected  by,  56 
reduced  by  homogentisic  acid, 
68,  490 

used  in  rough  estimation  of 
glucose  in  urine,  69 
in  testing  for  reducing  sub¬ 
stances  in  urine,  56 
Benedict’s  quantitative  solution,  69 

used  in  determining  glucose  in 
urine,  69 

lactose  in  milk,  476 
Benedict-Roth  apparatus  for  basal 
metabolism,  382 

Benign  hypertension,  casts  in  urine 
deposit  in,  102 
renal  function  tests  in,  135 
Benzidine  test  for  blood,  in  feces,  216 
in  gastric  contents,  200 
Benzoate  used  in  hippuric  acid  test, 
251 

Bial’s  reagent  and  test,  64 


Bicarbonate.  See  also  Plasma  bi¬ 
carbonate. 

determination  in  duodenal  contents, 
263 

effect  of  ingestion  of,  360 
in  acid-base  balance,  353 
Bilberries,  cause  of  abnormal  colour  of 
urine,  491 

effect  on  colour  of  feces,  493 
Bile.  See  Bilirubin,  Biliverdin,  and 
Bile  salts. 

in  fractional  test  meal,  199,  200,  206 
pigments.  See  Bilirubin  and  Bili¬ 
verdin. 
salts,  239 

determination  in  blood,  240 
tests  for  in  urine,  239 
Bilicyanin,  232 
Bilirubin,  222 

in  blood.  See  Serum  bilirubin, 
in  cerebrospinal  fluid,  459 
crystals,  98 

determination  in  serum,  224-228 
direct  and  indirect,  228,  229 
in  duodenal  contents,  264 
excretion  test,  254 
in  feces,  233,  493 
formation,  222 
formula,  222 
in  gall  stones,  484 

in  gastric  contents,  199,  200,  205,  206 
properties  of,  222 
in  urine,  interpretation,  232 
tests  for,  232 
threshold  for,  232 
in  urine  deposits,  98 
Van  den  Bergh  reaction  for,  223 
Biliverdin,  222 
in  feces,  233,  493 
formula,  222 
in  gall  stones,  484 
in  meconium,  233 
properties  of,  223 

Bismuth  subnitrate,  effect  on  colour  of 
feces,  493 

Biuret  method  for  determining  pro¬ 
teins,  in  plasma  and  serum, 
170 

in  urine,  90 

Blackberries,  cause  of  abnormal  colour 
in  urine,  491 

Blackwater  fever,  haemoglobinaunia 
in,  404 

Bladder  stones,  480.  See  also  Urinary 
calculi. 

formed  when  infection  present ,  481 
Blood,  acetone  bodies  in,  73 
determination  of,  74 
interpretation,  78 
acid-base  balance,  353 

Plasma  proteins. 

albumin-globulin  ratio  in,  178-180 
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Blood,  alcohol,  determination  of,  494 
interpretation,  495 
amino-acid  nitrogen,  determination, 
153 

interpretation,  155 
normal  range,  155 
ammonia,  139 

amylase,  268.  See  also  Serum 
amylase, 

arterial,  collection  of,  2 

similar  to  capillary  blood,  2 
ascorbic  acid,  429.  See  also 
Plasma  vitamin  C. 
barbiturates,  determination,  495 
bases  of,  347 

bicarbonate,  354.  See  also  Plasma 
bicarbonate. 

bile  salts,  determination  of,  240 
bilirubin,  224-230.  See  also  Serum 
bilirubin. 

bromide,  497.  See  also  Serum 
bromide. 

calcium, 293.  See alsoSerum  calcium, 
capillary,  collection  of,  1 
similar  to  arterial  blood,  2 
carbon  dioxide,  363 
carbonic  acid,  363 

relation  to  bicarbonate,  359 
carboxyha;moglobin.  See  under 
Carboxyhccmoglobin  and  Carboxy- 
haemoglobinsemia. 
carotenes.  5ee  Serum  carotenes, 
casts  in  urine  deposits,  100 
in  cerebro-spinal  fluid,  459 
changes  in,  chloride  shift,  6 
formation  of  ammonia,  7 
glycolysis,  29 

increase  in  plasma  phosphate,  7 
on  keeping,  6 

oxidation  of  ascorbic  acid,  425,  430 
passage  of  potassium  from  cells  to 
plasma,  350 

choice  of  type  of,  to  use,  7 
cholesterol,  183 

determination  of  free  and  ester,  186 
of  total,  183—185 
interpretation,  188-190,  195 
in  kidney  diseases,  132—135,  188 
clotting,  prevention  of,  5 
collection  of,  1  . 

anticoagulants  used  m,  a 
arterial,  2 
capillary,  1 

pipettes  for,  1 ,  2 
venous, 2 
under  oil,  6 
venules  for,  4 

creatine,  determination  of,  14j 
interpretation,  147  j.  ^  .i 

creatinine,  determination  of,  144 
in  renal  disease,  115,  147 
interpretation,  147 


Blood,  diastase.  See  Serum  amylase, 
in  fiEces,  216 
fats.  See  Blood  lipids, 
fatty  acids,  total,  determination  of, 
191 

interpretation,  194 
fibrinogen.  See  Plasma  fibrinogen, 
galactose,  determination  of,  240 
in  gastric  contents,  200,  205 
globulins.  See  Plasma  proteins, 
glucose.  See  Blood  sugar, 
true,  29 

glutathione,  determination  of,  327 
effect  on  blood  sugar  determina¬ 
tion,  29 

haemoglobin,  determination  of,  400 
interpretation,  404 
iodine,  319.  See  also  Serum  protein- 
bound  iodine. 

iron,  322.  See  also  Serum  iron, 
ketone  bodies,  determination  in,  74 
interpretation,  78 
lactic  acid,  determination,  420 
interpretation,  421 
laevulose  (fructose),  determination, 
243 

lead,  determination,  510 
interpretation,  510 
lecithin,  191 

lipase,  274.  See  also  Serum  lipase, 
lipids,  183 

total,  195.  See  also  Serum  choles¬ 
terol,  Blood  phospholipids  and 
total  fatty  acids, 
magnesium,  328 
neutral  fat,  194 

formula  for  calculating,  194 
increase  in,  194 
nitrogen,  388 
non-protein  nitrogen,  137 

eorrection  for,  in  determining 
proteins,  168 
determination  of,  137 
interpretation,  139 
proportion  of  different  com¬ 
ponents  in,  139 

oxygen  capaeity,  definition  of,  386 
determination  of,  387 
interpretation,  388 
combining  power,  definition  of. 


386 

content,  definition  of,  386 
determination  of,  387 
interpretation,  388 
normal  values  for,  388 
saturation,  definition  of,  386 
unsaturation,  definition  o^  386 
pH  364.  See  also  Plasma  P^- 
phosphatases,  309.  See  abo  Serum 
acid  and  Alkaline  phosphatases, 
phospholipids,  183 
determination,  190 
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Blood,  pliospholipids,  interpretation, 
191,  195 

in  the  lipoidoses,  195 
phosphorus,  306 
acid-soluble,  306 
determination,  307 
ester  or  organic,  306 
inorganic,  302,  306 
See  also  Serum  inorganic 
phosphorus, 
lipid,  190 

plasma,  anticoagulants  for,  5 
collection  under  oil,  6 
determinations  used  for,  8 
separation  of,  5 

j)otassium,  348.  See  also  Serum 
potassium, 
preservation  of,  7 
prevention  of  clotting,  5 
proteins,  161.  See  also  Plasma 
proteins. 

pyruvate,  conversion  to  lactate,  419 
-  determination  of,  416 

stabilization  of  blood  for,  419 
in  diabetic  coma,  81 
interpretation,  419,  423 
ratio  to  blood  lactate,  421 
tolerance  tests,  419 
salicylates.  See  Serum  salicylates, 
498 

serum,  determinations  used  for,  8 
less  likely  to  be  haemolysed  than 
plasma,  5 
separation  of,  5 

sodium,  334.  See  also  Serum  sodium, 
specific  gravity,  copper  sulphate 
method  for,  173 

spectroscopic  examination  of,  394 
sugar,  after  intravenous  glucose,  52 
curves,  45.  See  also  Glucose 
tolerance  test, 
determination,  30-42 
Benedict’s  method,  35 
comparison  of  methods,  42 
Folin  and  Wu’s  method,  30 
Hagedorn  and  Jensen’s  method, 
40 

Haslewood  and  Strookman’s 
method,  33 

King’s  modified  Schaffer  Hart¬ 
mann  method,  37 
King  and  Garner’s  method,  34 
Maclean’s  method,  39 
Nelson’s  method,  34 
Somogyi’s  method,  36 
preservation  of  blood  for,  29 
effect  of  exercise  on,  43 
of  food  on,  45 
of  glycolysis  on,  29 

methods  of  preventing,  29 
fasting  value  of,  42 
in  anaesthesia  and  asphyxia,  43  • 


Blood,  sugar,  in  disease,  42 
hyperglycaemia,  42 
hypoglycaemia,  43 
preservation  of  blood  for  deter¬ 
mination  of,  29 

variation  of,  throughout  the  day 
in  diabetes,  78 
venous,  46 

comparison  with  arterial  blood 
sugar,  46 

sulphonamides,  determination,  503 
interpretation,  505 
sulphur,  327 

thiocyanate.  See  also  Serum 
thiocyanate,  506 

transfusion,  incompatible,  jaundice 
from,  288 

anuria  as  result  of,  13 
haemoglobinaemia  from,  404 
urea,  104 

decrease  in,  110 
determination,  104-109 
diacetyl  method,  108 
urease-aeration  method,  105 
urease-nesslerization  method, 
104 

in  acute  nephritis,  133 
in  chronic  nephritis,  134 
in  diabetic  coma,  81 
factors  influencing,  109 
in  nephrosis,  134 
interpretation,  109 
normal,  109 

per  cent,  of  blood  non-protein 
nitrogen,  139 
in  urine,  85 

urea  clearance  test,  118-122.  See 
also  Urea  clearance  test, 
uric  acid,  148 

determination,  148-151 
after  uricase  action,  150 
in  gout,  152 
interpretation,  151 
normal,  151 
venous,  collection  of,  2 
under  oil,  6 
venules  for,  4 

vitamin  A.  See  Serum  vitamin  A,  41 3 
vitamin  C,  determination,  429,  430 
interpretation,  430 

Body  size,  and  basal  metabolism,  370 
and  urea  clearance,  121 
Boiling  points  of  liquids,  517 
test  for  proteins  in  urine,  83 
Bone,  deposition  of  uroporphyrin  in 

409  r-  j  , 

diseases,  serum  alkaline  phosphatase 
in,  313-314 
calcium  in,  298-299 
inorganic  phosphorus  in,  306 
urine  calcium  in,  801 
Bradshaw’s  test,  86 
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Brain  diseases,  cerebrospinal  fluid  in, 
471-474 

Bratton  and  iMarshall’s  method  for 
determining  sulphonamides,  503 
Breast  milk,  collection  of,  478 
examination  of,  477-479 
Bromcresol  green  as  indicator,  514 
purple  as  indicator,  514 
Bromide  intoxication,  498 
Bromides,  determination  in  serum,  497 
interpretation,  498 
Bromphenol  blue  as  indicator,  514 
Bromsulphthalein  test,  253 
Bromthymol  blue  as  indicator,  514 
Bronzed  diabetes,  324 
Buffer  mixtures  for  various  pH  ranges, 
515-517 

Burns,  effect  on  blood  urea,  110 
on  plasma  proteins,  179 


Cadmium  sulphate,  use  in  precipitating 
proteins,  9,  128 
Calcium,  293 

balance  tests,  301 
in  cerebrospinal  fluid,  470 
excretion,  299 

See  also  Faecal  calcium  and  Urine 
calcium, 
in  faeces,  300 
foods  rich  in,  301 
functions  in  body,  293 
minimum  intake  of,  301 
in  serum,  determination,  293-297 
interpretation,  297 
normal  range,  297 
in  urine,  299 

Calcium  bilirubinate,  in  gall-stones,  484 
Calcium  carbonate,  in  faeces,  278 
in  gall-stones,  484 
in  pancreatic  calculi,  485 
in  salivary  calculi,  485 
in  urinary  calculi,  481 
in  urine  deposits,  95 
hydrogen  phosphate,  308 
in  faeces,  278 
in  gall-stones,  484 
in  pancreatic  calculi,  485 
in  salivary  calculi,  485 
in  urinary  calculi,  481 
in  urine  deposits,  92 
oxalate,  crystals,  95 
in  faeces,  278 
in  urinary  calculi,  481 
in  urine  deposits,  95 
soaps,  in  faeces,  279,  282 
sulphate,  in  faeces,  278 
in  urine  deposits,  90 
Calculi,  faecal  concretions,  485 
gall-stones,  484 
pancreatic,  485 
salivary,  485 


Calculi,  urinary,  480 
Calomel,  cause  of  Pink  disease,  512 
effect  on  colour  of  faeces,  493 
Calorimetry,  374 
Capillary  blood,  collection  of,  1 
similar  to  arterial  blood,  2 
Capillators  for  pH  determination,  368 
Carbolic  acid.  See  Phenol. 

Carbon  dioxide  content  of  alveolar  air, 

I  362 

monoxide  poisoning,  405 
Carboxyhaemoglobin,  391,  392 
action  of  alkalies  on,  400 
determination  in  blood,  401-404 

collection  of  blood  for,  393,  403 
dilution  method,  403 
gaso metric  method,  403 
microphotometric  method,  401 
tannic  acid  method,  402 
spectroscopic  examination  for,  398 
in  reversion  spectroscope,  398 
spectrum  of,  396 
wave-length  of  bands  of,  395 
Carboxyhaemoglobinaemia  and  carbon 
monoxide  content  of  air  breathed, 
405 

anoxia  in,  389 

symptoms  and  per  cent,  saturation 
with  carbon  monoxide,  405 
Carcinoma  colon,  occult  blood  in 
faeces  from,  220 
oesophagus,  dysphagia  in,  345 
j)ancreas.  See  tinder  Pancreas, 
diseases  of. 

prostate,  serum  acid  phosphatase 
in,  316 

stomach,  achlorhydria  in,  210 
blood  in  gastric  contents  in,  205, 
210 

hyperchlorhydria  in,  210 
lactic  acid  in  gastric  contents 
in,  206,  210 

occult  blood  in  faeces  in,  220 
resting  gastric  contents  in,  210 
Cardiac  failure,  blood  urea  in,  110 
Carmine,  for  marking  faeces,  15 
Carotenes,  determination  in  serum,  4i.i 
interpretation,  415 
structure  of,  412 
Carotinaemia,  414 
icteric  index  in,  231 
Carrots,  effect  on  colour  of  fa?ces,  4J3 
source  of  carotenes,  415 
Carr-Price  reagent,  413 
Caseinogen,  478 
Casts  in  urine  deposits,  100 

gestion,  165 
id,  471-474 

in  urine  deposits,  99 


Catalase,  iron  in,  322 
protoporphyrin  in,  407 
Catalysts  for  Kjeldahl  di| 
Cells,  in  cerebrospinal  flu 
in  faices,  278,  282 
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Cephalin,  183 
in  blood,  191 

cholesterol  flocculation  test,  247 
Cerebral  abscess,  cerebrospinal  fluid  in, 
461,473 

hjeniorrhage,  cerebrospinal  fluid  in, 
473 

thrombosis,  cerebrospinal  fluid  in, 
473 

tumour,  cerebrospinal  fluid  in,  473 
Cerebrosides,  183 

in  Gaucher’s  disease,  195 
Cerebrospinal  fluid,  459 
albumin  in,  464,  465 
albumin-globulin  ratio,  466,  469 
and  the  Lange  colloidal  gold 
test,  469 
appearance,  459 

barbiturates,  determination  in, 
495 

bilirubin  in,  459 
blood  in,  459 
calcium  in,  470 
cells  in,  471-474 
chloride  in,  461 
determination,  461 
interpretation,  461 
cholesterol  in,  471 
coagula  in,  460 
colloidal  gold  test,  466 

types  of  curve  obtained, 
468 

colour,  459 

fibrin  clots  in,  460,  465 
Froin’s  syndrome  in,  473 
globulins  in,  464,  465 
tests  for,  465 

glucose  in,  460.  See  also  under 
Cerebrospinal  fluid  sugar. 

Lange  colloidal  gold  test,  466 
interpretation,  468 
Levinson’s  test,  470 
Nonne-Apelt  test  for  globulin 
increase,  465 
normal  composition,  471 
Pandy’s  test  for  globulin  increase, 
466 

pressure,  471-474 
proteins,  462 

determination,  462-464 
difference  in  cisternal,  lumbar, 
and  ventricular  fluids,  464 
interpretation,  464 
sugar,  460 

determination,  460 
difference  in  cisternal,  lumbar, 
and  ventricular  fluids,  460 
interpretation,  460 
sulphonamides,  •  determination 
505 

summarized  findings  in  disease 
471-474  •  ’ 


Cerebrospinal  fluid,  tryptophane  test, 
470 

turbidity  of,  460 
urea  in,  469,  471 

Charcoal  in  fractional  test  meals,  198 
200 

for  marking  faeces,  15 
Charcot-Leyden  crystals,  278 
Children,  basal  metabolism  of,  370 
faecal  fats  in,  289 
glucose  tolerance  in,  47 
incidence  of  achlorhydria  in,  206 
serum  alkaline  phosphatase  in,  313 
calcium  in,  297 
inorganic  phosphorus  in,  305 
urine  creatine  in,  146 
Chloral  hydrate,  cause  of  reducing  test 
in  urine,  67 

Chorates,  cause  of  methaemo- 
globinaemia,  405 

Chloride,  329.  See  also  Plasma  and 
urine  chlorides, 
determination  in  blood,  329 
in  cerebrospinal  fluid,  461 
in  exudates  and  transudates,  475 
in  gastric  contents,  202 
in  urine,  333 
depletion,  345 

loss,  from  alimentary  tract,  341 
in  sweat,  344 
in  urine,  342 

Chloroform,  use  in  preserving  urine,  12 
Chlorphenol  red  as  indicator,  514 
Chlorophyll  in  faeces,  493 
Cholelithiasis.  See  Gall-stones, 

Cholera,  chloride  loss  in,  341 
Cholesterol,  183.  See  also  Serum 
cholesterol, 
crystals  of,  97 
determination  in  blood,  183 
in  faeces,  278 
free  and  ester,  186,  189 
in  gall-stones,  484 

in  Hand-Schiiller-Christian’s  disease, 
195 

in  urine  deposits,  97 
in  xanthomatosis,  189,  195 
Choline  esterase,  in  serum,  257 
Chronic  pyelonephritis,  134 
Chylous  fluids,  475 
Chyluria,  196 

Sudan  III  test  in,  196 
Cincophen,  effeet  on  uric  acid  excre¬ 
tion,  153 

Cirrhosis  of  the  liver.  See  Chronic 
hepatitis. 

Cisternal  cerebrospinal  fluid,  460,  464 
Clearance  tests,  creatinine,  147 
diodrast,  126 
glueose,  125 
inulin,  125 
mannitol,  125 
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Clearance  tests,  p-aminohippurate,  126 
phenol  red,  126 
thiosulphate,  125 
urea,  118,  125 
Cocarboxylase,  419 
Cceliac  disease,  blood  sugar  in,  44 
faecal  fats  in,  289 
glucose  tolerance  in,  49 
serum  alkaline  phosphatase  in,  314 
calcium  in,  298 
Coenzymes  I  and  II,  424 
Coffee  grounds  appearance  of  gastric 
contents,  205 

Cold,  cause  of  albuminuria,  88 
Colds,  effect  on  glucose  tolerance,  48 
Colitis,  mucous,  Charcot-Leyden  cry¬ 
stals  in  faeces  in,  278 
Colloidal  gold  test,  on  cerebrospinal 
fluid,  466 
on  serum,  246 
red  test,  246 
Collection  of  blood,  1 
of  faeces,  14 

of  specimens  for  fractional  test  meal, 
199 

for  glucose  tolerance  test,  45 
for  urea  clearance  test,  119 
of  urine,  11 

Colon,  blood  in  faeces  in  bleeding  from, 
220 

Colorimeters,  photoelectric,  19 
visual,  17 
Colorimetry,  17-28 
Beer’s  law,  18 
Lambert’s  law,  22 
photoelectric  colorimetry,  19 
visual,  17 

comparison,  17 

Colostrum,  479  _ 

Coma,  in  alcohol  intoxication,  49ij 
in  carbon  monoxide  poisoning,  405 
diabetic,  80 
hypoglycaemic,  81 
uraemic,  135 

Comparator,  Loyibond,  17 
Complemental  air,  390 
Concretions.  See  under  Calculi. 
Congenital  cystic  kidneys,  blood  urea 
in,  110 

porphyria,  410  ,  <> 

Congo  red  in  urine,  effect  on  colour  of, 
492 

in  test  for  amyloid  disease,  132 


as  indicator,  514 
test  for  amyloid  disease,  131 
Constipation,  indicanuria  in,  328 
Conversion  table  for  converting  volume 
of  gas  to  N.T.P.,  383 
Convulsions,  blood  sugar  in,  43 
Copper,  in  serurn,  determination  ot,  3-o 
interpretation,  327 
in  urine,  determination  ot,  32b 


Copper,  in  urine,  interpretation,  327 
nitrate  stain  for  soaps  in  faeces,  280 
sulphate  specific  gravity  method  for 
plasma  proteins,  173 
Coproliths,  486 
Coproporphyrins,  407 
formula,  407 
in  faeces,  408 
in  urine,  408 
spectrum  of,  397 
tests  for,  409 

wavelength  of  bands  of,  395 
Coronary  thrombosis,  blood  cholesterol 
in,  189 

blood  urea  in,  110 

Corpus  luteum,  secretion  of  cestrogens 
by,  452 

of  pregnandiol  by,  443 
Corticosteroids,  453 

chemical  methods  for  determination 
in  urine,  454 

chromatographic  method  of  separa¬ 
ting,  456 

hydrolysis  of  glucuronides  and  sul¬ 
phates  of,  456 
interpretation,  456 
Corticosterone,  453 
Cortisone,  453 

effect  on  uric  acid,  153 
reaction  with  phenylhydrazine 
hydrochloride,  456 

Creatine,  determination  in  blood,  145 
interpretation,  147 
in  urine,  144 

inter  jiretation,  146 
formula  of,  145 
Creatinine  clearance,  147 
coefficient,  146 
determination  in  blood,  144 
interpretation,  115,  147 
in  urine,  143 

interpretation,  146 
formula  of,  145 
reducing  effect  of,  68 
Creatorrhoea,  281 
Cresol  red  as  indicator,  514 
Cresols  in  urine  in  phenol  poisoning, 
492 

Cretinism.  See  HjiJOthyroidism. 

Crush  syndrome,  myoha;moglobimiria 
in,  406 

plasma  proteins  in,  179 
Crvoglobulin,  181 

Cushing’s  syndrome,  basal  metabolism 
in,  385  .  . 

corticosteroid  excretion  in,  4ob 
glucose  tolerance  test  in,  48 
insulin  tolerance  test  in,  54 

of  bands 


j)lasma  chloride  in,  34u 
serum  potassium  in,  351 

Cyanhaemoglobin,  wavelength 

of,  395 
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Cyanosis,  389,  405 
enterogenous,  405 
Cylindroids,  102 
Gy’s!  fluids,  examination  of,  474 
Cysteine,  nitroprusside  test  for,  90 
Cj'stine  calculi,  481 

crystals  in  urine  deposits,  90 
due  to  renal  tubular  defect,  90 
in  blood,  determination  of,  327 
in  urine,  tests  for,  9(5 
Cystinuria,  90 

Cyclopentanophenanthrane,  433 
Cytochrome,  iron  in,  322 
protoporj)ln’Tin  in,  407 


Dehydration,  345 
ali)uminuria  in,  88 
blood  urea  in,  109 
in  chronic  nephritis,  135 
in  diabetic  coma,  80 
plasma  chloride  in,  341,  345 
proteins  in,  178 

Dehydroascorbic  acid,  425,  420.  See 
also  Vitamin  C. 

11 -dehydrocorticosterone,  453 
1 1  -dehydro- 17 -hydro  xycorticosterone, 
453 

Dehydroisoandrosterone,  434 

in  j3-fraction  of  17-ketosteroids,  434, 
441 

increased  excretion  in  adrenal 
tumours,  441 
Patterson’s  test  for,  442 
secreted  by,  439 
11-desoxycorticosterone,  453 
Detoxicating  function  of  liver,  tests 
based  on,  251 

Deuteroporphyrin,  formula  of,  407 
in  faeces,  408 

wavelength  of  bands  of,  395 
Diabetes,  bronzed,  324 

insipidus,  urine  volume  in,  13 
Diabetes  mellitus,  71 
acidosis  in,  80 
alkali  reserve  in,  80,  3(50 
ammonia  coellicient  in,  3(57 
blood  cholesterol  in,  188 
fats  in,  194,  195 
ketone  bodies  in,  78 
phospholipids  in,  191 
sugar  in,  42 
urea  in,  81,  109 

carbon  dioxide  content  of  alveolar 
air  in,  364 
carotinaemia  in,  414 
cerebrospinal  fluid  sugar  in,  4(51 
coma  in,  80,  See  also  Diabetic 
coma. 

diminished  glucose  tolerance  with¬ 
out  glycosuria,  in,  50 

P.C.B. 


[  Diabetes  mellitus,  fat  metabolism  in,  73 
I  glucose  tolerance  in,  47,  48 
glycosuria  in,  66,  72 
infection  in,  48,  81 
insulin  sensitive  and  insulin,  in¬ 
sensitive,  54,  71 
tolerance  test  in,  54 
treatment  of,  78 
ketosis  in,  73 
laevulose  in  urine  in,  67 
lipaemia  in,  194,  195 
lipuria  in,  195 
pathology  of,  71 
pentosuria  in,  67 
plasma  chloride  in,  80 
proteins  in,  179 
polyuria  in,  13,  72 
protamine  zinc  insulin  in,  79 
j  raised  renal  threshold  in,  50 
symptoms  of,  72 
treatment  of,  78 
tests  in,  78 

urine  ketone  bodies  in,  73,  78 
j  protein  in,  80,  88 

specific  gravity  in,  14,  72 
sugar  in,  66,  72 
volume,  13,  72 
Diabetic  coma,  80 

albuminuria  in,  80,  88 
alkali  reserve  in,  80,  360 
acid-base  balance  in,  348 
blood  ketone  bodies  in,  78 
pyruvate  in,  81,  419 
sugar  in,  80 
,  urea  in,  81 

effect  of  treatment,  81 

on  serum  inorganic  phos- 
'  phorus,  81 

on  serum  potassium,  81 
Kussmaul  breathing  in,  81 
onset,  81 

j  treatment  of,  81 
urine  in,  80 

ammonia  in,  367 
i  titratable  acidity  of,  3(58 

j  Diacetic  acid.  See  Acetoacetic  acid. 
Dial,  497 

Diarrhoea,  acid-base  balance  in,  348 
j  blood  urea  in,  81,  109 

fractional  test  meal  in,  210 
plasma  chloride  reduced  in,  341 
Diastase.  See  Amylase. 

Diastatic  index,  273 
Diazo-reagent,  Van  den  Bergh’s,  224 
Diazo-test,  Hunter’s,  232 
Dichlorophenolindophenol,  426 
Diet,  and  carotinaemia,  414 
and  fructosuria,  67 
j  and  pentosuria,  67 

I  effect  on  basal  metabolism,  384,  385 
,  blood  sugar,  45 
1  urea,  109 
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Diet,  effect  on  faeces,  amount  of,  15 
colour  of,  493 
/)H  of,  16 
total  solids  of,  16 
water  content  of,  16 
ha‘moglobin-free  for  test  for  occult 
blood  in  faeces,  217 
in  calcium  balance  tests,  301 
in  fat  balance  tests,  290 
low  protein  diet,  effect  on  blood 
urea,  109 

effect  on  urea  clearty»ce,  122 
Diethylbarbituric  acid,  497 
Diodrast  clearance,  126 
Disseminated  sclerosis,  cerebrospinal 
fluid  in,  468,  472 

Douglas  bag  method  for  basal  meta¬ 
bolism,  376 

Drug  calculi  in  faeces,  486 
Drugs,  albuminuria  due  to,  88 
causing  haemoglobinaemia,  404 
methaemoglobinaemia,  404 
porphyria,  409 
sulphaemoglobinaemia,  404 
giving  reducing  tests  in  urine  owing 
to  formation  of  glucuronates,  67 
in  blood,  p-amino-salicylic  acid,  500 
barbiturates,  495 
bromides,  497 
salicylates,  498 
sulphonamides,  503 
thiocyanates,  506 

in  cerebrospinal  fluid,  barbiturates, 
495 

sulphonamides,  505 
in  faeces,  493 

in  urine,  barbiturates,  495 

effect  on  colour  of  the  urine,  491 
reducing  test  by  glucuronates 
from,  67 

salicylates,  66,  500 
sulphonamides,  98,  505 
Duodenal  contents,  collection  of,  263 
determination  of  amylase  in,  266 
of  bicarbonate  in,  263 
of  bilirubin  in,  264 
of  lipase  in,  264 
of  trypsin  in,  264 
interpretation  of  results,  268 
regurgitation  of,  205,  207 
intubation,  263 
ulcer,  blood  urea  in,  109 
fractional  test  meal  in,  208 

increased  resting  contents 


in,  205 

loss  of  chloride  in,  341 
occult  blood  in  faeces  in,  220 
plasma  bicarbonate  in,  360 
chloride  in,  341 

pyloric  stenosis  in,  205,  341,  34« 
vagotomy  in,  215  . 

Dyes,  effect  on  colour  of  urine,  4J1 


Dysphagia,  water  depletion  in,  345 
Dysentery,  faecal  fat  in,  290 

Ear,  collection  of  blood  from,  1 
Ehrlich’s  reagent,  234 

used  in  test  for  urobilinogen,  234 
Watson’s  modified  reagent,  235 
Electrophoresis,  fractionation  of  pro¬ 
teins  by,  162 
paper,  176 

Emphysema,  acidosis  in,  361 
Encephalitis,  cerebrospinal  fluid  in, 
461,  472 

Enlarged  prostate,  blood  urea  in,  110 
stone  formation  in,  481 
Enterogenous  cyanosis,  405 
diarrhoea,  210 
Enteroliths,  486 
Eosin,  in  urine,  491 
spectrum  of,  397 
Epithelial  casts  in  urine,  100 
cells  in  urine,  99 

j  Erythrocytes,  action  in  controlling 
acid-base  balance,  353 
in  urine  deposits,  99 
Esbach’s  reagent,  test,  and  tube,  89 
Etiocholanolone,  434 

in  a-fraction  of  17-ketosteroids,  434, 
441 

secreted  by,  439 
Ethereal  sulphates,  327,  328 
Euglobulin  (lipoid  globulin),  in  blood, 
161 

in  urine,  84 

distinction  from  mucus,  87 
Evipan  and  sodium  evipan,  497 
!  Ewald  One  Hour  Meal,  197 
Exercise,  albuminuria  due  to,  88 
effect  on  blood  lactic  acid,  421 
on  blood  sugar,  43 
on  urine  volume,  12 
haemoglobimemia  and  ha*mo- 
globinuria  due  to,  404 
Extinction  (E),  22 
1  relation  to  concentration,  23 
Exton  Rose  One  Hour  Two  Dose 
[  tolerance  test,  51 
i  Extracellular  dehydration,  345 
[  fluid  in  dehydration,  346 
Exudates,  474 


Faecal  concretions,  485 
Faeces,  amount  of,  15 

barium  salts  in,  289,  493 
bile  pigments  in,  233 
bilirubin  in,  test  for,  233 


biliverdin  in,  233 
blood  in,  216 

benzidine  test,  216 
Gregerson  slide 


modification, 


218 
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Fseces,  blood  in,  guaiac  test,  218 

reduced  phenolphthalein  test,  21.) 
significance  of,  219 
spectroscopic  examination  for, 
220,  394 
bulky,  16,  289 

calcium  in,  determination  of,  300 
interpretation  of,  301 
calcium  carbonate  in,  278 
oxalate  in,  278 
sulphate  in,  278 
cells  in,  278,  282 
cellulose  fibres  in,  281,  282 
Charcot-Leyden  crystals  in,  278 
chlorides  in,  15 
chlorophyll  in,  493 
cholesterol  crystals  in,  278 
collection  of,  14 

standard  diets  for,  16 
composition  of,  14 
contamination  with  urine,  15 
colour  of,  493 
composition  of,  14 
concretions  in,  485 
drugs  in,  493 
drying  of,  283 
fats  in,  282 

determination  of,  283-288 
interpretation,  289 
microscopic  examination  for,  278 
split  and  unsplit,  283 
titration  factor  for,  284,  287 
types  of,  282 

fatty  acid  crystals  in,  278 

food  residues  in,  14,  278 

haematin  in,  220 

indole  in,  14,  327 

lead  in,  determination  of,  510 

liquid  paraffin  in,  288 

marking,  15 

microscopic  examination  of,  278 
muscle  fibres  in,  280 
neutral  fat  in,  279,  282 
determination  of,  284 
nitrogen  in,  142 

determination  of,  282 
in  pancreatic  disease,  282 
occult  blood  in,  220 
significance  of,  219 
tests  for,  216 

preparation  of  patients  for, 
217 

odour  of,  16 
pH  of,  16 

phosphate  c^stals  in,  278 
phosphorus  in,  309 
determination  of,  309 
pigments  of,  493 
porphyrins  in,  408 
occult  blood  tests  not  given  bv 
220  ^ 
preservation  of,  15 


Faeces,  soaps  in,  279,  282 
determination  of,  284 

solids,  16  ..^,11 

spectroscopic  examination  lor  blooci, 

220,  394 

starch  granules,  281 
stercobilin.  See  Urobilin, 
stercobilinogen.  See  Urobilinogen, 
total  solids  in,  16 
triple  phosphate  crystals  in,  278 
tryjisin  in,  determination  of,  266 
undigested  muscle  fibres  in,  280 
urobilin,  Schlesinger’s  test  for,  234 
urobilinogen,  determination  of,  237 
interpretation,  238 
vegetable  fibres  in,  281,  282 
Familial  periodic  paralysis,  serum 
potassium  in,  351 
Fanconi  syndrome,  159 
urine  copper  in,  327 
Fantus’  approximate  method  for  urine 
chloride,  333 
use  in  dehydration,  346 
Fasting  contents  from  stomach,  205 
dried  weight  of  faeces  in,  16 
Fats,  in  blood.  See  Blood  lipids, 
in  chyluria,  196 

in  exudates  and  transudates,  475 
in  faeces.  See  Faeces,  fats  in. 
in  lipuria,  195 
in  milk,  476,  478 
in  urine,  195 

Fatty  acids.  See  Blood  fatty  acids  ; 
faeces,  fats  and  fatty  acids, 
casts  in  urine  deposits,  101 
Fehling’s  solution,  56 

reduced  by  chloroform,  12 
Fehling’s  test,  56 

Fermentation  test  for  reducing  sub¬ 
stances  in  urine,  58 

Ferric  chloride  test  for  acetoacetic 
acid,  73 

for  homogentisic  acid,  490 
for  lactic  acid,  202 
j  for  melanogen,  488 

for  phenol,  492 

I  for  phenylpyruvic  acid,  491 

for  salicylates,  66,  73 
Ferritin,  322 

Fevers,  albuminuria  in,  88 
basal  metabolism  in,  385 
'  increased  catabolism  of  protein  in 
179 

plasma  chloride  in,  344 
I  porphyrinuria  in,  408 
urine  colour  in,  487,  488 
urine  volume  in,  13 
Fibrin  calculi,  481 

Fibrinogen,  in  cerebrospinal  fluid,  460 
in  chyluria,  196 

in  plasma.  See  Plasma  proteins. 

I  .  m  urine,  84 
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Fibrinogen,  separation  from  plasma, 
16(5 

Filters  for  j)hotoelectric  colorimetry,  25 
Filtration  fraction,  126 
Finger,  collection  of  blood  from,  1 
Flame  photometers,  338 

determination  of  sodium  and 
potassium  in,  338 
Flocculation  tests,  243-251 
See  also  under  liver  function  tests. 
Fluorescence,  comparator,  410 
lamp,  409 
of  eosin,  491 
of  porphyrins,  409 
of  zinc  urobilin,  234 
Folin-Ciocalteu  reagent,  310 
Folin-Wu,  blood  sugar  method,  30 
phosphomolybdic  acid  reagent,  30 
sugar  tube,  31 

Foreign  bodies  as  urinary  calculi,  481 
Formalin,  use  in  preserving  faeces,  15 
urine,  12 

Formol-gel  test,  250 
Fouchet’s  reagent  and  test,  232 
Fractional  test  meal,  197 

See  also  under  Gastric  function  tests. 
Fridericia’s  apparatus,  363 
Froin’s  syndrome,  473 
Fructose,  in  blood,  243 
in  urine,  67 

chromatography  of,  60 
Seliwanoff’s  test  for,  64 
tests  for,  56-64 
tolerance  test,  242 

Frohlich’s  syndrome,  basal  metabolism 
in,  385 

glucose  tolerance  in,  48 

Galactose,  in  blood,  determination  of, 
240 

in  urine,  67 

tests  for,  60-65 
tolerance  tests,  240 
Gall  stones,  analysis  of,  484 

effect  on  faecal  urobilinogen,  238 
on  serum  bilirubin,  230 
on  urine  urobilinogen,  238 
in  faeces,  486 
jaundice  due  to,  228 
types  of,  484 

Gastrectomy,  effect  of  blood  sugar,  44 
fractional  test  meal  following,  212 
Gastric  carcinoma.  See  Carcinoma 

stomach.  _ 

contents,  analysis  of,  active  acidity, 

203  ... 

barbiturates,  determination  ot, 

495 

benzidine  test  on,  200 
bile,  detection  in,  200 
blood,  detection  in,  200 


Gastric  contents,  analysis  of,  charcoal 
in,  198,  200 
chlorides  in,  202 

determination  of  mineral  and 
total,  203 

combined  acid,  200 
free  acid,  200 

titration  of,  200 
Gunzberg  test  for,  202 
lactic  acid,  effect  on  titration  of 
free  acid,  201 
significance  of,  206 
tests  for,  202 

method  of  expressing  results  for 
acidity,  201 

mineral  chloride  in,  203 
mucus  in,  200 

significance  of,  206 
organic  acids,  201 , 206.  See  also 
Lactic  acid. 

pepsin,  determination  of,  204 
phosphates  in,  200 
protein  hydrochloride  in,  202 
rennin,  test  for,  203 
starch,  detection  of,  200 
total  acid,  200 

titration  of,  201 
function  tests,  197 

alcohol  test  meal,  214 
Ewald  One  Hour  meal,  197 
fractional  test  meal,  197 

examination  of  speci¬ 
mens,  200.  (See  also 
Gastric  contents, 

analysis  of.) 
interpretation,  205 

acidity  curves,  206-213 
resting  contents,  205 
method  of  carrying  out, 
198 

insulin  tests,  215 
use  of  histamine,  213 
juice,  chief  constituents,  197 
flow  stimulated  by,  197 
ulcer,  blood  in  stomach  contents  in, 
205 

fractional  test  meal  in,  210 
occult  blood  in  feces  in,  220 
Gastritis,  fractional  test  meal  in,  211 
occult  blood  in  feces  in,  220 
Gastro-enterostomy,  fractional  test 

meal  in,  211  .  ,  .  of 

Gastro-jejunal  ulcer,  fractional  test 

meal  in,  210 
Gaucher’s  disease,  195 
General  paralysis,  cerebrospinal  fluu  , 
globulin  in,  466 
Lange  gold  curve  in,  468 
proteins  in,  465 
summary  of  findings  in,  47- 
Gentian  violet,  for  marking  feces,  U 
Gerhardt’s  test,  73 
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Gerrard’s  ureometer,  1 1 1 
Glandular  fev'er,  flocculation  tests  in, 
251 

Globin-haemochroinogen,  393 

spectroscopic  examination  for,  398 
wavelength  of  bands  of,  395 
Globulins,  fractionation  of,  in  blood. 
See  Plasma  proteins,  161-164, 
171,  176 

in  cerebrospinal  fluid,  465 
in  urine,  84 

Glomerular  filtration  rate,  125 
Glucose.  See  Blood  sugar,  Cerebro¬ 
spinal  fluid  sugar,  and  Urine  sugar. 
Glucose-insulin  test,  54 
Glucose  tolerance  tests,  45 

Exton-Rose  One  Hour  Two  Dose 
test,  51 

intravenous  test,  52 
oral  test,  45 

abnormal  curves,  47-51 
diminished  tolerance,  47 
effect  of  A.C.T.H.  on,  48 
of  age  on,  47 
of  previous  diet  on,  46 
extended  curves,  51 
increased  tolerance,  48 

with  raised  renal  thres¬ 
hold,  50 

lag  type  of  curve,  50 
method  of  carrying  out, 
45 

normal  response,  46 
using  venous  blood,  46 
with  lowered  renal  thres¬ 
hold,  49 

Glucuronates  in  urine,  reducing  tests 
from,  57,  67 
tests  for,  62,  65 

Glutathione,  determinaiton  in  blood, 
327 

effect  on  determination  of  blood 
sugar,  29 

Glycine,  conjugated  with  benzoic  acid 
in  the  hippuric  acid  test,  251 
Glycogen  storage  disease,  blood  sugar 
in,  43 

glucose  tolerance  test  in,  48 
Glycolysis,  29 

methods  of  preventing,  29 
Glycosuria,  66 

in  pancreatic  disease,  262 
in  pregnancy,  67 
intermittent,  66 
renal,  49 

in  the  Fanconi  syndrome,  159 
in  pregnancy,  67 

wit  h  the  lag  type  of  glucose  tolerance 
curve,  50 

Glucuronic  acid.  See  Glucuronates. 
Gmelin’s  test,  232 
Godfried’s  test,  232 


Gold  sol  for  Lange  colloidal  gold  test, 

466  ... 

Gonadotrophins,  in  hypopituitarism, 

440 

in  primary  hypogonadism,  440 
Gout,  blood  uric  acid  in,  152 

sodium  acid  urate  crystals  m  the 
joints  in,  153 

Granular  casts  in  urine  deposits,  100 
Gregerson  slide  test  for  occult  blood  in 
faeces,  218 

Guaiac  test  for  blood  in  faeces,  218 
Gunzberg’s  test,  202 


Haem,  391 

structural  formula,  391 
Haematemesis,  blood  urea  in,  110 
plasma  proteins  in,  179 
Haematin,  391,  406 
acid  and  alkaline,  406 

spectrum  of,  396,  397 
wavelength  of  bands  of,  395 
in  faeces,  220 
in  gastric  contents,  205 
Haematoporphyrin,  407 
Haematuria,  85 

due  to  sulphonamides,  98 
in  acute  nephritis,  132 
Haemobilirubin,  222 
Haemochromatosis,  diabetes  in,  324- 
325 

haemosiderin  in,  324 
serum  iron-binding  capacity  in,  324 
Haemochromogens.  See  Albumin  and 
Globin-haemochromogens. 
Haemoglobin,  391,  392 

determination  in  blood,  400 
factor  for  calculating  from  oxygen 
combining  power,  386 
iron  content  of,  322 
normal  range  for  blood,  401 
occurrence  in  body  fluids,  394 
oxygen  combined  with  one  gram,  392 
reduced,  in  blood,  392 
spectrum  of,  396 

spectroscopic  examination  for,  398 
wavelength  of  bands  of,  395 
renal  threshold  for,  404 
Haemoglobinaernia,  404 
interpretation,  404 
Haemoglobinuria,  85,  404 

march,  nocturnal,  and  paroxysmal, 
404 

haemosiderin  in,  325 
Haemolysis,  how  to  avoid  when  col¬ 
lecting  blood,  5 

intravascular  and  methaemalbumin 
formation,  405 

Haemolytic  anaemias,  classification,  404 
haemoglobinaernia  in,  404 
jaundice  in,  228 
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H;einolytic  anaemias,  porphyrinuria  in, 
408 

serum  bilirubin  in,  230 
urobilinogen,  faecal  and  urine,  in, 
238 

Van  den  Bergh  reaction  in,  229 
Haemophilia,  serum  calcium  in,  299 
Hicmorrhage,  into  alimentary  tract, 
occult  blood  in,  220 
reduced  plasma  protein  follow¬ 
ing,  179 

Ha.*morrhoids,  bleeding  from,  219 
Haemosiderin,  324 
test  for,  325 

Hagedorn  and  Jensen’s  method  for 
determining  blood  sugar,  40 
Hairs,  in  urine  deposits,  102 
Haldane  gas  analysis  apparatus,  378 
scale  for  haemoglobin,  401 
Hand-Schiiller-Christian’s  disease,  195 
Hartridge  reversion  spectroscope,  398 
Haslewood  and  Strookman’s  method 
for  determining  blood  sugar,  33 
Hay’s  test,  239 

Heart  disease,  albuminuria  in,  88 
anoxia  in,  389 
blood  cholesterol  in,  189 
pyruvate  in,  419 
urea  in,  110 
urine  volume  in,  13 
vital  capacity  in,  390 
Heating  test  for  Bence-Jones’  protein, 
86 

Heel,  collection  of  blood  from,  2 
Heparin,  as  anticoagulant,  6 
Hepatitis,  acute,  infective  and  toxic, 
cephalin  cholesterol  floccu¬ 
lation  test  in,  248 
galactose  tolerance  test  in, 
242 

Ijevulose  tolerance  test  in,  243 
methylene  blue  test  in,  233 
plasma  proteins  in,  243 
serum  alkaline  phosphatase 
in,  257 

bilirubin  in,  230 
colloidal  gold  test  in,  246 
thymol  turbidity  test  in,  245 
type  of  jaundice  in,  228 
urine  bilirubin  in,  232 

Hunter’s  diazo-test  for, 
233 

urobilinogen  in  fa;ces  and 
urine  in,  238,  239 
Weltmann  test  in,  250 
zinc  sulphate  test  in,  249 
Hepatitis,  chronic,  bromsulphthalein 
test  in,  254 

galactose  tolerance  test  in,  242 
leucine  and  tyrosine  crystals  in 
urine  dej>osit,  97 
plasma  proteins  in,  243 


Hepatitis,  chronic,  serum  colloidal  gold 
test  in,  246 
serum  copper  in,  327 
Takata-Ara  reaction  in,  244 
thymol  turbidity  test  in,  245 
urine  copper  in,  327 
urobilinogen  in  faeces  and  urine, 
238,  239 

Weltmann  test  in,  250 
zinc  sulphate  test  in,  249 
Hepatolenticular  degeneration,  in¬ 
creased  excretion  of  amino- 
acids  in,  159 

serum  and  urine  copper  in,  327 
High  altitudes,  alkalosis  at,  360 
anoxia  at,  389 
plasma  carbonic  acid  at,  360 
Hippuric  acid,  determination  in  urine, 
251 

synthesis  test,  251 

interpretation,  252,  253 
intravenous,  253 
oral,  252 

in  urine  deposit,  98 
Histamine,  use  in  investigating  achlor¬ 
hydria,  214 

Homogentisic  acid,  490 

estimation  in  urine,  491 
reducing  action  of,  68,  490 
tests  for,  490 

How'e  fractionation  of  plasma  proteins, 
161 

Hunger  oedema,  180 
Hunter’s  diazo-test,  232 
Hyaline  casts  in  urine  deposits,  100 
Hydraemic  nephritis,  134 
Hydrochloric  acid,  use  in  preserving 
urine,  12 

Hydrogen  ion  concentration,  of  cere¬ 
brospinal  fluid,  471 
of  faeces,  16 

of  plasma,  determination,  364 
interpretation,  366 
of  urine,  368 

Hydronephrosis,  blood  urea  in,  110 
formation  of  urinary  calculi  in,  481 
^-hydroxybutyric  acid,  73 

absence  of  simple  test  for,  74 
determination  in  blood  and 
urine,  74 

effect  on  titratable  acidity  of 
urine,  368 

Hyperbilirubinemia.  See  Serum 
bilirubin. 

Hyperadrenalisni,  basal  metabolism  in, 
385 

due  to  adrenal  tumour,  440 

excess  excretion  of  dehydro- 
isoandrosterone  in,  441 
effect  on  the  blood  sugar,  43 
glucose  tolerance  test  in,  47,  48 
glycosuria  in,  66 
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Hyperadrenalism,  insulin  tolerance  test 

in,  54  ■  ^  An 

17-ketosteroid  excretion  m,  440 
oestrogen  excretion  in,  453 
I  Hyperchloraemic  renal  acidosis,  360 
I  Hyperchlorhydria,  208 
I  Hj-perglycaemia,  42 
i  Hj’perglycaemic  coma,  80.  oee  also 
Diabetic  coma. 

Hyperinsulinism,  blood  sugar  in,  43 
glucose  tolerance  test  in,  51 
Hyperlipaemia,  194 
types  of,  195 

Hyperparathyroidism,  blood  urea  in, 
110 

calcium  balance  in,  301 
cause  of  stone  formation,  481 
serum  alkaline  phosphatase  in,  314 
calcium  in,  298 
inorganic  phosphorus  in,  306 
urine  calcium  in,  301 
phosphorus  in,  309 

Hyperpituitarism,  basal  metabolism 
in,  385 

blood  sugar  in,  43 
glucose  tolerance  test  in,  47 
glycosuria  in,  66 
insulin  tolerance  test  in,  54 
17-ketosteroid  excretion  in,  440 
H\’perpnoea,  alkalosis  due  to,  360 
tetany  as  result  of,  361 
Hypertension,  basal  metabolism  in,  386 
benign,  135 

casts  in  urine  deposit  in,  102 
cerebrospinal  fluid  chloride  in,  462 
protein  in,  474 
malignant,  134 

thiocyanate  treatment  of,  507 
Hyperthyroidism,  basal  metabolism  in, 
385 ' 

blood  cholesterol  in,  189 
sugar  in,  43 

fractional  test  meal  in,  210 
galactose  tolerance  test  in,  242 
glucose  tolerance  test  in,  47 
glycosuria  in,  66 

protein,  increased  catabolism  of,  179 
serum  calcium  in,  298 
creatine  in,  147 
protein-bound  iodine  in,  322 
urine  calcium  in,  301 
creatine  in,  146 

Hyperventilation,  alkalosis  due  to,  360 
tetany  as  result  of,  361 
Hypervitaminosis  D,  blood  urea  in,  110 
cause  of  stone  formation,  481 
serum  calcium  in,  298 
Hypoadrenalism.  See  .4ddison’s 
disease. 

Hypobromite  method  for  urine  urea, 
111 

Hy|)ochlorhydria,  207 


Hypoglycaemia,  43 

cerebrospinal  fluid  sugar  in,  461 
extended  glucose  tolerance  test  m,  51 
Hypoglycaemic  coma,  81 
Hypogonadism,  17-ketosteroid  excre¬ 
tion  in,  440 

Hypoparathyroidism,  serum  calcium 
in,  298 

inorganic  phosphorus  in,  306 
urine  phosphorus  in,  309 
Hypopituitarism,  basal  metabolism  in, 
385 

blood  cholesterol  in,  189 
sugar  in,  43 

glucose  tolerance  test  in,  48 
insulin  tolerance  test  in,  54 
17-ketosteroid  excretion  in,  440 
Hypothyroidism  (myxoedema),  basal 
metabolism  in,  385 
blood  cholesterol  in,  189 
sugar  in,  43 
carotinaemia  in,  414 
fractional  test  meal  in,  210 
glucose  tolerance  test  in,  48 
insulin  tolerance  test  in,  54 
17-ketosteroid  excretion  in,  440 
neutral  fat  in,  194 
phospholipids  in,  191 
serum  protein-bound  iodine  in,  322 
Hypovitaminoses.  See  under  Individual 
vitamins. 

Hysteria,  alkalosis  in,  360 


Icteric  index,  230 

interpretation,  231 
Icterus  neonatorum,  228 
Indican,  in  blood,  327 
in  urine,  328,  488 
test  for,  328 
Indicator  papers,  369 
Indicators,  list  of,  514 

for  titration  of  gastric  contents, 

200,  201 

Indigo  blue,  in  urine,  492 
in  urine  deposits,  98 
Indigo  carmine  in  urine,  492 
Indole,  14 

Indoxyl  sulphate,  327 
Infants,  collection  of  blood  from,  2 
faeces,  bilirubin  in,  233 
galactosaemia  and  galactosuria  in,  67 
meconium,  biliverdin  in,  233 
urine  colour  in,  493 

Infections,  effect  on  the  blood  sugar,  43 
on  glucose  tolerance,  48 
formol  gel  test  in,  250 
glycosuria  in,  66 
plasma  fibrinogen  in,  180 
globulins  in,  180 
serum  copper  in,  327 
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Insulin,  amount  in  the  circulating 
blood,  72 

effect  on  blood  amino-acids,  156 
on  serum  inorganic  phosphorus, 
81,  306 

on  serum  potassium,  81,  351 
in  treatment  of  diabetes,  78 
of  diabetic  coma,  81 
sensitivity,  71 

effect  of  low  carbohydrate  diet  on, 
72 

variation  with  age,  72 
Insulin-secreting  tumours,  effect  on 
blood  sugar,  43 
on  glucose  tolerance,  51 
Insulin  “  test  ”  meals,  215 
tolerance  tests,  53 

method  of  carrj’ing  out,  53 
interpretation,  54 

Intestinal  obstruction,  albuminuria  in, 
88 

blood  urea  in,  109 
serum  amylase  in,  274 
lipase  in,  277 

Intestine,  malignant  growths  of,  occult 
blood  in  faeces  in,  220 
Intravenous  galactose  tolerance  test, 
242 

glucose  tolerance  test,  52 
hippuric  acid  synthesis  test,  253 
Inulin  clearance,  125 

measurement  of,  126 
method  of  infusion,  127 
relation  to  urea  clearance,  125 
determination  in  blood  and  urine, 
128 

Iodides,  interference  with  determina¬ 
tion  of  serum  bromides,  498 
Iodine,  319 

serum  protein-bound,  319 
determination,  319 
interpretation,  322 
Iodine  test  for  bilirubin  in  urine,  232 
Iron,  322 

content  of  haemoglobin,  322 
in  gall  stones,  484 
serum,  322 

determination  of,  322 
interpretation,  323 
serum  iron-binding  capacity,  324 
salts,  effect  on  colour  of  faeces,  493 
on  test  for  occult  blood  in 
faeces,  217 

Isoandrosterone,  434 

in  a-fraction  of  17-ketosteroids,  434, 
441 

secreted  by,  439 

Jaffe’s  reaction  for  creatinine,  142 
test  for  indican,  328 
Jaundice,  acholuric.  See  Acholuric 
jaundice. 


Jaundice,  classification  of.  Rich,  229 
Rolleston  and  McNee,  228 
differential  diagnosis  of,  258 
haemolytic,  228 

colour  of  faeces  in,  238 
serum  alkaline  phosphatase  in,  257 
bilirubin  in,  230 

urobilinogen  in  faeces  and  urine  in, 
238 

Van  den  Bergh  reaction  in,  229 
hepatic,  228 

cephalin  cholesterol  flocculation 
test  in,  248 

faecal  urobilinogen  in,  238 
galactose  tolerance  test  in,  242 
plasma  proteins  in,  243 
serum  alkaline  phosphatase  in,  257 
bilimbin  in,  230 
cholesterol  in,  189 

ratio  of  free  to  ester,  1 89 
colloidal  gold  test  in,  246 
thymol  turbidity  test  in,  245,  258 
urine  bilirubin  in,  232-233 
urobilinogen  in,  238 
Van  den  Bergh  reaction  in,  229 
infective.  See  Jaundice,  hepatic,  and 
hepatitis,  infective, 
obstructive,  228 

blood  cholesterol  in,  188 

ratio  of  free  to  ester,  190 
cephalin  cholesterol  flocculation 
test  in,  248 
faecal  fats  in,  289 
urobilinogen  in,  238 
faeces,  colour  of,  493 
galactose  tolerance  test  in,  242, 
258,  259 

plasma  proteins  in,  243 
prothrombin  time  in,  256 
serum  alkaline  phosphatase  in,  257 
bilirubin  in,  230 
colloidal  gold  test  in,  246 
thymol  turbidity  test  in,  245,  258 
urine  bilirubin  in,  232 
urobilinogen  in,  238 
Van  den  Bergh  reaiction  in,  229 
regurgitaton,  229 
retention,  229 

toxic.  See  Jaundice,  hepatic,  and 
hepatitis,  toxic. 

Jejunal  ulcer,  fractional  test  meal  in, 
210 

Kala  azar,  formol  gel  test  in,  250 
plasma  globulins  in,  180 
Kepler,  Power,  and  Robinson’s  test  in 
Addison’s  disease,  343 
Kerasin  in  Gaucher’s  disease,  195 
Ketone  bodies,  73 

determination  in  blood  and  urine, 
74 

tests  for,  73 
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Ketosis,  73 

acid  urine  in,  80 
acidosis  due  to,  80,  360 
in  diabetes,  80 
in  starvation,  360 

17-ketosteroids,  434 

chromatographic  separation  of,  438 
determination  in  urine,  435 
fractionation  into  a-  and  /3-fractions, 
441 

interpretation,  439 
isomerism  of,  434 
normal  values  for,  439 
Pincus  reaction  with  antimony  tri¬ 
chloride,  439 

20-ketosteroids,  colour  with  Zimmer- 
mann  reaction,  438 

Kidney  diseases,  acidosis  in,  135,  360 
albuminuria  in,  88 
blood  cholesterol  in,  124,  133-135, 
188-189 

creatinine  in,  115,  147 
non-protein  nitrogen  in,  139 
urea  in,  110,  133-135 
uric  acid  in,  115,  152 
cerebrospinal  fluid  chloride  in,  462 
dilution  tests  in,  117 
phenol  red  test  in,  122 
plasma  bicarbonate  in,  135,  360 
chlorides  in,  124,  345 
serum  proteins  in,  123,  133-135 
calcium  in,  124,  134-135 
inorganic  phosphorus  in,  124, 
135 

specific  gravity  test  in,  116 
urea  clearance  test  in,  118 
urea  concentration  test  in,  117 
urine  ammonia  in,  368 
urea  in,  114 

function  tests.  See  Renal  function 
tests. 

King  and  Armstrong  method  for 
serum  alkaline  phosphatase,  310 

King  and  Coxon  method  for  serum 
bilirubin,  227 

King  and  Garner  method  for  blood 
sugar,  34 

Kjeldahl  method  for  blood  non¬ 
protein  nitrogen,  136 
for  milk  proteins,  477 
for  plasma  proteins,  165 
for  urine  nitrogen,  139 

Lactalbumin,  478 

Lactation,  basal  metabolism  in,  385 
galactosuria  during,  66 
lactosuria  during,  66 
variations  in  composition  of  milk 
during,  479 

Lactic  acid  in  blood,  determination  of, 
420 

interpretation  of,  421 


Lactic  acid  in  gastric  contents,  signifi¬ 
cance  of,  206,  210 
tests  for,  202 
Lactoglobulin,  478 

[  Lactose  in  milk,  concentration  ot,  478 
I  determination  of,  476 
I  in  urine.  See  Urine,  lactose. 
Lievulosc  (fructose),  in  blood,  243 
tolerance  test,  242 
in  urine.  See  Urine  fructose. 
Lambert’s  law,  22 
Lange  colloidal  gold  test,  466 
Lead,  in  blood,  determination  in,  510 
1  interpretation  of,  510 

j  in  faeces,  determination  in,  510 
I  interpretation  of,  510 

poisoning,  509 

porphyrinuria  in,  408 
in  urine,  determination  in,  507 
I  interpretation  of,  509 

j  Lecithin,  183 
I  in  blood,  191 
Leucine  in  urine  deposits,  97 
1  Leucocyte  casts,  101 
^  Leukemia,  basal  metabolism  in,  386 
blood  amino-acid  nitrogen  in,  156 
uric  acid  in,  152 
urine,  uric  acid  in,  153 
Lipaemia,  194 

'  Lipase  in  duodenal  contents,  deter¬ 
mination,  264 
interpretation,  268 
in  serum,  274 

determination,  274 
interpretation,  276 
Lipids,  183 

I  Lipoid  globulin.  See  hiuglobulin. 

I  Lipoidoses,  195 
1  Lipuria,  195 

'  Liquid  paraffin,  in  faeces,  288 

effect  on  absorption  of  vitamin 
A,  41o 

on  determination  of  fat  in,  288 
test  for,  288 

use  as  lubricant  for  stomach 
tubes,  198 
for  s\Tinges,  3 
Litmus  as  indicator,  514 
Liver,  acute  yellow  atrophy  of,  blood 
cholesterol  in,  190 
leucine  and  tyrosine  in  urine 
deposit  in,  97 

plasma  and  urine  amino- 
acids  in,  155,  159 
cirrhosis.  See  Hepatitis,  chronic, 
diseases.  See  also  Liver  function 
tests. 

blood  amino-acid  nitrogen  in,  155 
cholesterol  in,  189 

ratio  of  free  to  ester,  189 
I  lactic  acid  in,  421 

I  non-protein  nitrogen  in,  139 
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Liver,  diseases,  blood  phospholipids 
in,  191 
sugar  in,  43 
urea  in,  110 

faecal  urobilinogen  in,  238 
glucose  tolerance  test  in,  48 
glycosuria  in,  66 
hypoglycaeniia  in,  43 
oedema  in,  179,  243 
oestrogen  excretion  in,  453 
plasma  proteins  in,  179,  180,  243 
porphjTinuria  in,  408 
prothrombin  time  in,  256 
serum  alkaline  phosphatase  in,  257 
amylase  in,  274 
bilirubin  in,  230 
cholinesterase  in,  257 
vitamin  A  in,  415 
urine  amino-acids  in,  97,  159 
amylase  in,  274 
bilirubin  in,  232 
bile  salts  in,  239 
urobilinogen  in,  238 
volume  in,  13 

Van  den  Bergh  reaction  in,  223 

direct  biphasic  reaction, 
224,  229 
reaction,  224 
indirect  reaction,  224 
interpretation  of,  228 
function  tests.  See  also  tinder  Liver, 
diseases. 

bilirubin  excretion  test,  254 
bromsulphthalein  test,  253 
flocculation  tests,  243-251 

cephalin  cholesterol  floccu¬ 
lation  test,  247 
colloidal  red  test,  246 
formol  gel  test,  250 
in  other  diseases,  251 
serum  colloidal  gold  test, 
246 

summary,  250 
Takata-Ara  reaction,  244 
thymol  flocculation  test, 
245 

turbidity  test,  244 
Weltmann  coagulation  test, 
249 

zinc  sulphate  turbidity  test, 
248 

galactose  tolerance  test,  240 
intravenous,  242 
oral,  240 

hippuric  acid  synthesis  test,  251 
intravenous,  253 
oral,  252 

laevulose  tolerance  test,  242 
summary  on  the  use  of,  258 
melanoma  of,  488 
Lovibond  comparator,  17 
Lugol’s  iodine,  for  starch  granules,  281 


Luminal,  497 

Lungs,  action  in  controlling  acid-base 
balance,  354 

Lung  diseases,  acidosis  in,  361 

alveolar  carbon  dioxide  in,  364 
anoxia  in,  389 

plasma  carbonic  acid  in,  360 
vital  capacity  in,  390 
Lupus  erj^hematosis,  plasma  globulins 
in,  180 

Lymphopathea  venerum,  plasma 
globulins  in,  180 
Lysol  poisoning,  490 

Maclean’s  method  for  blood  sugar,  39 
,  test  for  laetic  aeid,  202 

urea  eoncentration  test,  117 
ureometer,  112 

MaeroKjeldahl  apparatus,  141 
Magnesia,  in  faecal  concretions,  486 
Magnesium,  328 

phosphate,  in  urinary  calculi,  483, 
484 

in  urine  deposit,  92 
Malaria,  flocculation  tests  in,  251 
formol  gel  test  in,  250 
haemoglobinaemia  in,  404 
jaundice  in,  228 
methaemalbuminaemia  in,  404 
Malignant  hypertension,  134 
I  Malloy  and  Evelyn’s  method  for  serum 
I  bilirubin,  225 
\  Mannitol  clearance,  125 
;  Markers  for  faeces,  15 
1  Meconium,  biliverdin  in,  233 
I  Melaena,  220 
j  Melanin  in  urine,  488 
'  Melanogen,  488 
j  in  urine,  tests  for,  488 
I  Melanotic  tumour,  488 
I  Meningitis,  blood  sugar  in,  43 

benign  lymphocytic  chorio-, 

cerebrospinal  fluid  in, 
460,  462 
summary,  471 

cerebrospinal  fluid  in,  appear¬ 
ance  of,  460 
chloride  in,  462 

.  Lange  colloidal  gold  test 

in,  468 

Levinson’s  test  in,  470 
proteins  in,  465 
sugar  in,  460 
summary,  471 

coccal,  cerebrospinal  fluid  in, 
465,  460,  462 
summary,  471 

tuberculous,  cerebrospinal  fluid 
in,  465,  460,  462 
summary,  471 
tryplophane  test  in,  470 
plasma  chloride  in,  344 


INDEX 


539 


Menthol,  excreted  as  glucuronate,  67 
Mercuric  nitrate  method  for  plasma 

chlorides,  331  *11,, 

Mercury,  calibration  of  pipettes  with,  10 
determination  in  urine,  510 
interpretation  of,  512 
in  Pink  disease,  512 
poisoning,  anuria  in,  13 

chemical  findings  in,  134 
specific  gravity  of,  10 
Mesoporphyrin,  formula  of,  407 
Metaphosphoric  acid,  use  in  preserving 
urine,  12 
Metaprotein,  83 
Methaemalbumin,  393 

differentiation  from  methajmoglobin, 
399 

action  of  reducing  agents,  399 
in  reversion  spectroscope,  399 
occurrence  of,  394 
significance  of,  in  blood,  405 
spectrum  of,  396 
wavelength  of  bands  of,  395 
Metha;moglobin,  391,  393 
action  of  alkalies  on,  400 
of  reducing  agents  on,  399 
alkaline,  spectrum  of,  396 
wavelength  of  bands  of,  395 
differentiation  from 

methaemalbumin,  399 
from  sulphaemoglobin,  398 
examination  for,  398 
oceurrence  of,  394 
preparation  of,  398 
spectrum  of,  396 
wavelength  of  bands  of,  395 
Methaemoglobinaemia.  See  also 
Methaemoglobin. 
anoxia  in,  389 
causes  of,  404 
drugs  causing,  405 
Methaemoglobinuria,  85,  404 
Methyl  alcohol,  use  in  fractionation  of 
proteins,  164 
orange,  as  indicator,  514 

use  in  titrating  acidity  of 
gastric  contents,  200 
red,  as  indicator,  514 
Methylene  blue,  in  urine,  492 

test  in  infective  hepatitis,  233 
Metmyohaemoglobin,  398 
Meulengracht’s  icteric  index,  230 
MicroKjeldahl  apparatus,  140 

method  for  non-protein  nitrogen, 
137,  140 

for  plasma  proteins,  165 
Microcytic  anaemia,  fractional  test 
meal  in,  210 
serum  copper  in,  327 
iron  in,  324 

iron-binding  capacity  in,  324 
urobilinogen  in  faeces,  238  • 


Microscopic  examination,  of  faeces,  278 
of  urine  deposits,  102 
Milk,  collection  of,  478  ^ 

comparison  of  human  and  cow' s,  478 
composition  of  cow’s,  478 
of  human,  478 

variation  in  during  lactation,  479 
determination  of  fat  in,  476 
of  lactose  in,  476 
of  phosphatase  in,  478 
of  proteins  in,  477 
of  total  solids  of,  478 
proteins,  types  of,  478 
value  of  examination  of,  479 
vitamins  in,  479 
Milliequivalents  per  litre,  347 
Miner’s  cramp,  344 

Morphine,  excreted  as  glucuronate,  67 
Mucic  acid  test  for  lactose  and 
galactose,  65 

Mucus,  in  gastric  contents,  199,  206 
in  urine,  87 

Multiple  myeloma,  Bence-Jones’  pro¬ 
tein  in  urine  in,  85 
cryoglobulin  in  plasma  in,  181 
flocculation  tests  in,  251 
formol  gel  test  in,  250 
plasma  proteins  in,  180 
serum  alkaline  phosphatase  in,  314 
calcium  in,  298 
urine  calcium  in,  301 
Mumps,  serum  amylase  in,  274 
Murexide  test,  482 
Muscle  diseases,  creatinuria  in,  146 

diminished  creatine  tolerance 
in,  146 

Muscle  fibres  in  faeces,  280 
Myasthenia  gravis,  creatinuria  in,  146 
Myelomatosis.  See  Multiple  myeloma. 
Myers  and  Warden’s  method  for  blood 
cholesterol,  185 
Myohaemoglobin,  394 
carboxy,  398 
in  crush  syndrome,  406 
met,  398 
oxy,  398 

wavelength  of  bands  of,  395 
Myohaemoglobinuria,  406 
Myxoedema.  See  Hypothyroidism. 

Needles,  for  syringes,  sharpening  of,  4 
Nelson’s  arsenomolybdate  reagent,  34 
copper  reagent,  454 
Nembutal,  497 

Nephritis.  See  also  Kidney  diseases, 
acute,  chemical  findings  in,  132 
oedema  fluid  in,  474 
chronic  glomerulonephritis,  chemical 
findings  in,  134 
hydraemic,  134 
interstitial,  134 
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Nephritis,  chronic  pyelonephritis,  134 
Ellis’s  classification,  132-134 
Nephrosis,  133-134 
amyloid,  132 
basal  metabolism  in,  38(i 
chemical  findings  in,  134 
hyperlipaemia  in,  194 
lipuria  in,  195 
oedema  fluid  in,  474 
Nervous  disorders,  urine  volume  in,  13 
Nessler’s  reagent,  104 
Neuritis,  cerebrospinal  fluid  in,  473 
Neutral  fat,  in  blood,  194 

in  faeces,  determination,  283-285 
microscopic  examination  for, 
279 

Niacin,  424 
Nicotinamide,  424 
Nicotinic  acid,  424 

determination  of,  424 
Niemann-Pick’s  disease,  195 
Nitric  acid,  normality  of  concentrated 
acid,  506 

test  for  bilirubin  in  urine,  232 
for  protein  in  urine,  84 
oxide  haemoglobin,  393 
Nitrites,  cause  of  methaemoglobinaemia, 
405 

Nitrobenzene,  cause  of  methaemo¬ 
globinaemia,  404 
Nitrogen,  in  faeces,  142,  282 
in  urine,  139 
negative  balance  of,  142 
non-protein,  137 

factor  for  converting  into  protein,  1 67 
into  caseinogen,  477 
Nitroprusside  test,  for  acetoacetic  acid 
and  acetone,  74 
for  cysteine,  96 
for  melanogen,  489 
N^  methyl  nicotinamide,  424 
determination  in  urine,  425 
interpretation,  425 

Non-protein  nitrogen  of  blood.  See 
Blood  non-protein  nitrogen 
Nucleoproteins,  151 
Nylander’s  reagent  and  test,  57 

Oatmeal  gruel,  use  in  fractional  test 
meal,  198 

Obesity,  basal  metabolism  in,  386 
Occult  blood  in  faeces,  220 
tests  for,  216 

(Edema,  due  to  low  plasma  proteins, 
179,  243 
fluid,  474 
(Estradiol,  450-52 
(Estriol,  450-52 

(Estrogens,  450  ,  •  i 

determination  in  urine  by  chemical 
method,  451 
interpretation,  452 


(Estrogens,  secreted  by,  452 
(Estrone,  450,  452 
Oliguria,  13 

in  nephritis,  132,  134 
Oncotic  pressure,  179 
Optical  density,  22 

relation  to  concentration,  23 
Osazones,  preparation  of,  58 
Osgood  and  Haskin’s  test,  86 
Osteitis  deformans,  serum  alkaline 
phosphatase  in,  314 
Osteitis  fibrosa,  generalized.  See 
Hyperparathyroidism. 

Osteomalacia,  serum  alkaline  phos¬ 
phatase  in,  314 
calcium  in,  298 

Ovaries,  diminished  secretion  of,  440 
secretion  of  ocstrogens  by,  452 
tumours  of,  453 
Oxalates,  in  faeces,  278 
in  foods,  95 
in  urinary  calculi,  481 
in  urine  deposits,  95 
Oxygen,  calorific  value  of,  374 
capacity,  386 

determination  of,  387 
combining  power,  386 
content,  386 

determination  of,  387 
equivalent  of  haemoglobin,  392 
saturation,  386 
unsaturation,  386 
Oxyhaemoglobin,  391,  392 
action  of  alkalies  on,  400 
action  of  reducing  agents  on,  399 
spectrum  of,  396 
w’avelength  of  bands  of,  395 
Oxysteroids,  see  Corticosteroids,  453 


Paget’s  disease,  serum  acid  phosphatase 
in,  317 

alkaline  phosphatase  in,  314 
Pancreas,  diseases  of,  blood  sugar  in,  43 
creatorrhoea  in,  281  • 

duodenal  contents,  examination  of. 
See  under  Duodenal  contents, 
268 

faeces  in,  fat  content  of,  289 

microscopic  examination  of,  278 
nitrogen  of,  282 
starch  granules  in,  281 
undigested  muscle  fibres  in,  281 
glucose  tolerance  in,  48 
glycosuria  in,  66 
serum  amylase  in,  273 

after  stimulation  of  the  pan¬ 
creas,  277 

serum  lipase  in,  276 

after  stimulation  of  the  pan¬ 
creas,  277 

urine  amylase  in,  273 


INDEX 


541 


Pancreas,  islet  tumours  of,  extended 
glucose  tolerance  tests  in,  51 
liy|)Oglyc8cmia  due  to,  48 
secretions  ol,  202 
Pancreatic  calculi,  485 
Pancreatitis,  acute  and  chronic.  ^Sec 
under  Pancreas,  diseases  of. 
Pancreozymin,  as  pancreatic  stimulant, 

277  ^  .  .  , 

Paper  chromatography,  of  ammo  acids, 

159 

of  ketosteroids,  438 
of  reducing  substances  in  urine,  60 
electrophoresis  of  plasma  proteins, 
176 

Parathyroid  tumour,  298 
Paroxysmal  hiemoglobinuria,  404  | 

Patterson’s  test  for  excess  secretion  of  j 
dehydroisoandrosterone,  442  1 

Pellagra,  424  i 

Pentoses  in  urine,  tests  for,  62,  64,  65  j 
significance  of,  67 

Penieillin,  effect  on  cerebrospinal  fluid 
in  treatment  of  G.P.I.,  469  j 

Pepsin,  197 

determination  in  gastric  contents,  i 
204 

Pepsinogen,  197 

Peptic  ulcer,  fractional  test  meal  in,  208 
occult  blood  in  faeces  in,  220 
perforated,  serum  amylase  in,  274 
serum  lipase  in,  277 
Peritonitis,  acute,  serum  amylase  in, 
274 

serum  lipase  in,  277 
Pernicious  anaemia,  achylia  gastrica  in, 
212 

effect  of  histamine  on  gastric 
acidity,  214 

faecal  urobilinogen  in,  238 
fractional  test  meal  in,  212 
jaundice  in,  228 

methaemalbuminaemia  in,  404,  405 
serum  bilirubin  in,  230 
copper  in,  327 
iron  in,  324 

iron-binding  capacity  in  324 
urine  urobilinogen  in,  238 
Van  den  Bergh  reaction  in,  229 
Pettenkofer’s  test,  239 
pH,  of  blood,  359,  364 
of  cerebrospinal  fluid,  471 
of  faeces,  16 
of  urine,  368 

Phenacetin,  cause  of  methaemoglo- 
binaemia,  405 
Phenobarbitone,  497 
Phenol,  in  urine,  tests  for,  491 
poisoning,  491 

reagent  of  Folin  and  Ciocalteu,  310 
Phenolphthalein,  as  indicator,  514 
in  titrating  gastric  contents,  200 


Phenolphthalein,  in  urine,  effect  on 
colour  of,  492 

reduced,  test  for  blood,  219 
Phenol  red,  as  indicator,  .514 
clearance,  126 

in  urine,  effect  on  colour  of,  4J2 
use  in  renal  function  test,  122 
Phenylhydrazine,  cause  of  abnormal 
colour  of  urine,  492 
cause  of  haemoglobinaemia,  404 
Phenylketonuria,  159 

ferric  chloride  test  for,  491 
Phenyl  pyruvic  oligophrenia,  159 
Phosphatases,  309 
in  milk,  478 

in  serum,  acid  phosphatase,  314 
alkaline  phosphatase,  310 
See  also  under  Serum. 

Phosphates,  action  in  controlling  acid- 
base  balance,  353 
in  blood,  302,  306 
in  cerebrospinal  fluid,  471 
in  faeces,  278,  309 
in  gall  stones,  484 
in  pancreatic  calculi,  485 
in  salivary  calculi,  485 
in  serum,  302,  306 
in  urinary  calculi,  481 
in  urine,  307 
in  urine  deposits,  92 
Phosphatides.  See  under  Phospho¬ 
lipids. 

Phospholipids,  183 

determination  in  blood,  190 
interpretation,  191 
in  deposits  in  the  lipoidoses,  195 
Phosphomolybdic  acid  reagent  of 
Folin  and  Wu,  30,  32 
Phosphorus,  293 

acid-soluble,  306,  307 
distribution  in  blood,  306 
functions  in  body,  293 
in  faeces,  309 
in  urine,  307 
inorganic,  302 

Photoelectric  colorimeters,  19 
double  cell  instruments,  21 
filters  for,  25 

transmission  curves  of,  26-27 
laws  governing  use  of,  22 
single  cell  instruments,  20 
spectrophotometers,  21 
use  of  blanks  with,  24 
Photoemissive  tubes,  20 
Phthalylsulphathiazole,  503 
Pigments,  blood,  see  Chapter  XXI,  391 
faecal,  493 
urine,  487 

Pink  disease,  urine  mercury  in,  512 
Pipettes,  blood,  1 
calibration  of,  10 
cleaning,  1 
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Pipettes,  blood,  drying,  1 

graduated  to  eontain,  10 
Pituitary  disease,  see  Acromegaly, 
Hyper-  and  Hypopituitarism,  and 
Simmonds’  disease. 

Placenta,  secretion  of,  443 
Plasma,  acid-base  balance  in,  353 
alkali  reserve,  see  Bicarbonate, 
p-amino-hippurate,  determination  of, 
130 

bicarbonate,  collection  of  blood  for,  6 
determination  of,  354 
gasometric  method,  354 
titration  method,  361 
in  diabetic  coma,  80,  360 
in  renal  disease,  135,  360 
interpretation,  359 
normal  range,  359 
carbonic  acid,  359,  360,  363 
chlorides,  collection  of  blood  for,  6 
determination  of,  329-332 
choice  of  blood  for,  332 
in  diabetic  coma,  80 
in  infectious  diseases,  344 
in  renal  disease,  124,  135,  345 
interpretation,  341 
normal  range,  332 
choice  of,  7 

collection  of  under  oil,  6 
determinations  used  for,  8 
fibrinogen,  180 

determination  of,  see  under  Plasma 
proteins. 

in  liver  disease,  243 
separation  from  plasma,  166 
inulin,  determination  of,  128 
pH,  collection  of  blood  for,  6 
determination  of,  364 
interpretation,  366 
normal  range,  366 

proteins,  action  in  controlling  the 
acid-base  balance,  353 
determination,  164-176 
biuret  method,  170 
copper  sulphate  specific  gravity 
method,  173 

Kjeldahl  nesslerisation,  165 
Wu’s  tyrosine  method,  168 
fractionation  of,  161-164 

quantitative  salt  fractionation, 
171 

paper  electrophoresis,  176 
in  kidney  disease,  133-135,  179 
in  liver  disease,  243 
interpretation,  178 
normal  range,  178 
prothrombin,  255 
separation  of,  5 

thiosulphate,  determination  of,  129 
vitamin  C,  determination,  429 
interpretation,  430 
Pleural  fluid,  474 


I  Pneumococcal  meningitis,  cerebro¬ 
spinal  fluid  in,  460,  462,  471 
Pneumonia,  blood  oxygen  in,  389 
plasma  and  urine  chloride  in,  344 
Poisoning  by  alcohol,  anoxia  in,  389 
by  barbiturates,  497 
by  carbon  monoxide,  405 
by  cyanide,  anoxia  in,  389 
by  lead,  509,  510 
by  lysol,  491 
by  mercury,  134,  512 
by  phenol,  491 

by  salicylates,  tests  in,  73,  498 
Polarimetry,  64 

Poliomyelitis,  cerebrospinal  fluid  in, 
465,  472 

Polycythajmia,  porphyrinuria  in,  408 
serum  calcium  in,  299 
Polyneuritis,  cerebrospinal  fluid  in,  465, 
473 

Polyuria,  12 

cause  of  chloride  loss,  342 
in  diabetes  mellitus,  72 
in  renal  failure,  134-135 
Porphin,  structural  formula  of,  406 
Porphobilinogen,  in  acute  porphyria, 
409 

tests  for,  410 

Porphyria,  acute  idiopathic,  409 
congenital,  408 
Porphyrins,  406 

chromatography  of,  410 
extraction  of,  409 
I  fluorescence  of,  409 
formulae  of,  407 
in  faeces,  408 
in  urine,  408 

increased  excretion  of,  408 
spectra  of,  397 
tests  in  faeces  and  urine,  409 
wavelength  of  bands  of,  395 
Porphyrinuria,  408 
Post-operative  rise  in  blood  urea,  110 
Potassium,  329,  348 

determination  in  serum,  338,  348 
in  diabetic  coma,  81 
interpretation,  351 
normal  range,  351 

Potassium  chlorate,  cause  of  methaemo- 
globinaemia,  405 

Potassium  indoxyl  sulphate  (indican), 
327,  328 

effect  on  colour  of  urine,  488 
Potassium  oxalate,  use  as  anticoagu¬ 
lant,  5,  6,  7 

pyroantimonate  method  for  serum 
sodium,  336 

Powell’s  method  for  serum  bilirubin, 
226 

Pregl’s  micro-Kjeldahl  apparatus,  140 
Pregnancy,  albuminuria  in,  88 
basal  metabolism  in,  385 
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Pregnancy,  blood  cholesterol  in,  188 
urea  in,  109 
glycosuria  in,  67 
17-ketosteroid  excretion  in,  4.18 
lactosuria  in,  66 
oestrogen  excretion  in,  452 
plasma  bicarbonate  in,  360 
pregnanediol  excretion  in,  449 
proteinuria  in,  88 
renal  glycosuria  in,  67 
serum  calcium  in,  297 
copper  in,  327 

toxccmia  of,  albuminuria  in,  88 
plasma  bicarbonate  in,  360 
Primary  standards  for  volumetric 
analysis,  513 
ProgestCKone,  443 
Pregnanediol,  443 

determination  in  urine,  443 
as  pregnancy  test,  450 
colorimetric  methods,  446,  447 
gravimetric  method  (Venning),  444 
in  cases  of  threatened  abortion, 
450 

to  show  occurrence  of  ovulation, 
449 

in  normal  menstrual  cycle,  449 
isolation  from  pregnancy  urine,  448 
interpretation,  449 
secreted  by,  443 
Pregnanolone,  443 

Progressive  muscular  atrophy,  crea- 
tinuria  in,  146 
Prontosil,  502 

Prostate,  carcinoma  of,  serum  acid 
phosphatase  in,  316 
enlarged,  blood  urea  in,  110 
stone  formation  in,  481 
Protamine  zinc  insulin,  in  treatment  of 
diabetes,  78 

Protein,  determination  in  cerebrospinal 
fluid,  462 
in  exudates,  474 
in  milk,  477 
in  plasma,  164-176 
in  transudates,  474 
in  urine,  89 

fractionation  of,  161-164,  171,  176 
in  cerebrospinal  fluid,  462 
in  exudates  and  transudates,  474 
in  plasma,  161.  See  also  under  Plasma 
proteins. 

in  pleural  fluids,  474 
in  urine,  83.  See  also  under  Urine 
protein. 

increased  catabolism  of,  179 
precipitants,  8-9 
Proteinuria,  amount  of,  90 
classification,  87-88 
false,  88 

in  pregnancy,  88 
intermittent,  87 


Proteinuria,  of  adolescence,  87 
postural,  87 
Proteoses  in  urine,  85 
Prothrombin  time,  255 
determination,  255 
use  in  liver  disease,  256 
Protoporphyrin,  407 
in  faeces,  220,  408 
spectrum  of,  397 
wavelength  of  bands  of,  395 
Pseudochylous  fluids,  475 
Pseudoglobulin,  in  plasma,  161 
in  urine,  84 

Purpura,  occult  blood  in  faeces  in,  220 
serum  calcium  in,  299 
Pus  cells  in  urine  deposits,  99 
Pyelonephritis,  chronic,  134 
Pyloric  obstruction,  acid-base  balance 
in,  348 

albuminuria  in,  88 
alkalosis  in,  360 
blood  urea  in,  109 
fractional  test  meal  in,  205,  209 
plasma  bicarbonate  in,  360 
chlorides  in,  341 

Pyridium  in  urine,  effect  on  colour  of, 
492 

Pyruvic  acid,  determination  in  blood, 
416 

interpretation,  419 
normal  range  for,  419 
in  urine,  418 

stabilization  of  blood  for  deter- 
tnination  of,  4l8 
tolerance  tests,  419 
Pyuria,  99 


Ratio  of  carbonic  acid  to  bicarbonate  in 
blood,  359 

I  Red  blood  cells,  action  in  controlling 
I  acid-base  balance,  353 

'  in  urine  deposits,  99 

I  Reduced  phenolphthalein  test  for 
blood,  219 

'  Reducing  substances  in  urine.  See  under 
Urine,  reducing  substances  in,  56 
Rehfuss  tube,  197 
Renal  blood  flow,  126 
'  calculi,  480 

function  tests,  115 

combined  urea  concentration  and 
dilution  test,  118 
dilution  test,  117 
phenol  red  test,  122 
specific  gravity  test,  116 
urea  clearance  test,  118 
urea  concentration  test,  117 
glycosuria,  49 

in  Fanconi  syndrome,  159 
in  pregnancy,  67 
plasma  flow,  126 
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Renal,  threshold,  for  bilinibin,  232 
for  galactose,  07 
for  glucose,  46 
lowering  of,  49 
normal,  46 
raised  in  diabetes,  50 
in  old  age,  50 
for  haemoglobin,  404 
for  laevulose,  67 
for  pentoses,  67 
Hennin,  197 
test  for,  203 
Residual  air,  389 

Respiratory  acidosis  and  alkalosis,  360 
quotient,  374 

for  different  diets,  375 
Reticulo-endothelial  cells,  deposits  of 
lipids  in,  195 

system,  formation  of  bilirubin  in,  222 
Reversion  spectroscope,  398 
Itheumatic  diseases,  flocculation  tests 
in,  251 

glucose  tolerance  test  in,  48 
insulin  tolerance  test  in,  54 
plasma  proteins  in,  180,  181 
salicylates  in  treatment  of,  500 
Rhubarb,  cause  of  abnormal  colour  in 
urine,  491 

source  of  oxalates,  95 
Riboflavin,  determination  in  urine,  423 
interpretation,  424 
Rickets,  calcium  excretion  in,  301 
serum  alkaline  phosphatase  in,  314 
calcium  in,  298 
inorganic  phosphorus  in,  306 
urine  phosphorus  in,  309 
Roehrig  tube,  285 

Rosacea,  fractional  test  meal  in,  210 
Rothera’s  test  for  acetoacetic  acid  and 
acetone  in  blood  and  urine,  74 
Ryle’s  stomach  tube,  197 


Sackett’s  method  for  blood  cholesterol, 
183 

Salicvlates,  determination  in  serum, 
498 

in  treatment  of  rheumatism,  500 
interj:)retation,  500 
excreted  as  salicyluric  acid,  68 
Gerhardt’s  test  given  by,  73 
positive  reducing  test  giv’en  by,  57, 
66 

ferric  chloride  test  for,  66,  <4  _ 

Salicylsulphonic  acid  test  for  protein  in 
urine,  84 

Salicyluric  acid  in  urine.  See  wider 
Salicylates. 

Saliva,  in  fractional  test  meal,  199 
Salivary  calculi,  485 
serum  amylase  in,  274 


Salt  depletion,  345.  See  also  wider 
Plasma  and  Urine  chlorides. 
Sarcoidosis,  formol  gel  test  in,  250 
increased  plasma  globulins  in,  180 
Scarlet  fever,  zinc  sulphate  test  in,  249 
Schlesinger’s  test,  on  fa:ces,  234 
on  urine,  233 

Schmidt  diet  for  collection  of  faeces,  16 
Schumm’s  test,  399 
Sciatica,  cerebrospinal  fluid  in,  473 
Scurvy,  ascorbic  acid  saturation  test  in, 
430 

occult  blood  in  feces  in,  220 
plasma  ascorbic  acid  in,  430 
urine  ascorbic  acid  in,  428 
Secretin,  use  as  pancreatic  stimulant, 
277 


use  in  duodenal  intubation,  263 
Selenium  cells,  19 
Seliwanoff’s  reagent  and  test,  64 
Septicajmia,  hacmoglobina-mia  in,  404 
Sepsis,  blood  sugar  in,  43 
glucose  tolerance  test  in,  48 
glycosuria  in,  66 
Serous  fluids,  474 
Serum,  acid  phosphatase,  309 
alcohol  stable,  315 
determination,  314 
formaldehyde  stable,  315 
interpretation,  316 
normal,  316 

alkaline  phosphatase,  309 
determination,  310 
in  bone  diseases,  313 
in  jaundice,  257 
interpretation,  313 
normal,  313 

p-amino  salicylic  acid,  determina¬ 
tion,  .500 

interpretation,  501 
amylase,  268 

determination,  268-272 

after  secretin  and  pancreozymin. 


277 


interpretation,  273 
normal,  273 
bilirubin,  223 

determination,  225-228 
interpretation,  2.30 
normal,  228 

ratio  of  direct  to  total,  2.30 
bromides,  determination,  497 
interpretation,  498 
calcium,  293 

determination,  293-297 
factors  influencing,  297 
in  renal  disease,  124,  1.34,  135 
interpretation,  297 
normal,  297 

carotenes,  determination,  413 
interpretation,  414 
normal  range,  414 


545 


INDEX 


Serum,  choice  of,  8 

colloidal  gold  test,  246 
copper,  determination,  325 
interpretation,  327 
normal,  327  << 

inorganic  phosphorus,  collection  ot 
blood  for,  7,  303 
determination,  302—305 
effect  of  carbohydrate  meta¬ 
bolism  on,  306 
in  chronic  nephritis,  135 
in  diabetic  coma,  81 
interpretation,  305 
:  normal,  305 

iron,  322 

determination,  322 
interpretation,  323 
normal,  323 

iron-binding  capacity,  324 
lipase,  274 

determination,  274-276 

after  secretion  arid  pancreozy¬ 
min,  277 

interpretation,  276 
normal,  275 
magnesium,  328 

potassium,  determination,  339,  348 
in  diabetic  coma,  81 
interpretation,  351 
normal,  351 
Serum 

proteins,  see  under  Plasma  proteins, 
protein-bound  iodine,  319 
determination,  319 
interpretation,  322 
normal  range,  322 
salicylates,  determination,  498 
interpretation,  500 
separation  of,  5 
sodium,  3.34 

determination,  334-341 
in  diabetic  coma,  80 
interpretation,  341 
normal,  341 

thiocyanates,  determination,  506 
interpretation,  .507 
vitamin  A,  determination,  41,3-415 
interpretation,  415 
normal,  415 

Shandon  apparatus  for  paper  electro¬ 
phoresis,  177 

Shock,  basal  metabolism  in,  386 
blood  urea  in,  110 
plasma  proteins  in,  179 
Skatoxyl  sulphate,  327 
Silver  iodate  method  for  plasma 
chlorides,  331 

Simmonds’  disease,  basal  metabolism 
in,  385 

blood  sugar  in,  43 
glucose  tolerance  in,  48,  51 
hypoglycaunic  coma  in,  81  ' 
r.c.B. 


Simmonds’  disease,  insulin  tolerance 
test  in,  54  ... 

17-ketosteroid  excretion  in,  44U 
Soaps,  in  faeces,  282 

determination,  284 
microscopic  examination  for,  2<9 
Sodium,  329,  see  also  Serum  sodium. 

334  . 

bicarbonate,  see  Plasma  bicarbonate. 

alkalosis  due  to  ingestion  of,  360 
biurate,  151 

crystals  in  joints,  153 
bromide,  see  Serum  bromide, 
citrate,  use  as  anticoagulant,  6 
dithionite,  use  as  reducing  agent,  399 
fluoride,  use  as  anticoagulant,  6 
as  preservative  for  blood,  7 
hydrosulphite,  use  as  reducing  agent, 
‘399 

oxalate,  use  as  anticoagulant,  5 
sulphate  fractionation  of  plasma 
proteins,  161-163 

sulphite,  use  in  precipitating  globu¬ 
lins,  161,  171 

thiosulphate,  clearance,  125,  126 
I  determination,  129 

tungstate,  molybdate-free,  150 
use  in  protein  precipitation,  8 
Solvents,  boiling  points  of,  517 
Soxhlet  apparatus,  185 
Specific  gravity,  fixation  of,  117 

of  blood,  method  for  plasma 
proteins,  173 

of  cerebrospinal  fluid,  471 
of  exudates  and  transudates,  475 
of  urine,  measurement,  1.3-14 
interpretation,  14 
I  test,  116 

Spectra,  absorption  bands  of,  396-397 
wavelengths  of  bands  of,  395 
j  Spiectrophotometers,  21 
Spectroscope,  direct  vision,  394 
I  reversion,  398 
Spermatozoa  in  urine,  100 
Sphingomyelin,  183 
I  in  blood,  191 

in  Niemann-Pick’s  disease,  195 
Spinach,  as  source  of  oxalates,  95 
effect  on  colour  of  fieces,  493 
!  Spinal  tumour,  cerebrospinal  Huid  in 
!  ^  465,  473 

[  ’  Froin’s  syndrome  in,  473 
i  Sprue,  see  Steatorrhoea, 
i  Standards  for  basal  metabolism,  371- 
374 

Standard  weights  according  to  height 
and  age,  518 

Staphylococcal  meningitis,  cerebro¬ 
spinal  fluid  in,  460,  462,  471 
Starch  granules,  in  faeces,  281 
in  urine  deposits,  102 
Star\ation,  amount  of  faeces  in,  16 


N  N 
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Starvation,  ketosis  in,  ,‘500 
oedema  in,  180 
urine  ammonia  in,  308 
Steatorrlima,  289 
blood  sugar  in,  44 
fajees  in,  amount  of,  10,  289 
fats  of,  289 
nitrogen  of,  282 
fat  balance  tests  in,  291 
glucose  tolerance  test  in,  49 
intravenous  glucose  tolerance  test  in,  j 
53 

plasma  proteins  in,  180  I 

serum  alkaline  phosphatase  in,  314  j 
calcium  in,  298 

Stellar  phosphate  crystals  in  urine 
deposits,  92 

Stercobilin,  see  Urobilin. 

Stercobilinogen,  see  Urobilinogen. 
Stilboestrol,  in  treatment  of  malignant 
prostate  with  secondaries,  317 
Stokes’  reagent,  399 
Stomach,  see  Gastric  contents  and 
Gastric  function  tests, 
diseases  of,  see  Gastric  ulcer.  Gas¬ 
tritis,  and  Carcinoma  Stomach, 
tubes,  197 
Stones,  480-480 

fa*cal  concretions,  485 
gall  stones,  484 
■  j)ancreatic  calculi,  485 
salivary  calcidi,  485 
urinary  calculi,  480 
Stools,  see  Fteces. 

Streptococcal  meningitis,  cerebrospinal 
fluid  in,  460,  402,  471 
sci)ticaemia,  hicmoglobinamia  in,  404  j 
jaundice  in,  228 

Streptomycin  in  cerebrospinal  fluid,  j 
reducing  effect  of,  401 
Stricture  of  urethra,  blood  urea  in,  110 
Subacute  bacterial  endocarditis,  floe-  ] 
culation  tests  in,  251 
plasma  globulin  in,  180 
Subacute  combined  degeneration  of  the 
spinal  cord,  fractional 
test  meal  in,  212 
effect  of  histamine  on,  214 
Sudan  HI  stain  for  tats,  279 

test  for  chyluria,  190 

Sugar,  see  under  Blood,  Cerebro¬ 
spinal  fluid,  and  Urine  sugar. 
Sulkowich’s  test  for  urine  calcium, 
Sulphacetamide,  503 
determination,  503 
Sulphadiazine,  50‘2 
determination,  503 
Sulpha?moglobin,  391,  393 
action  of  alkalies  on,  400 
of  reducing  agents  on,  399 
differentiation  from  methaunoglonin, 

399 
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Sulpha'inoglobin,  occurrence  of,  3{J 
jireparation  of,  399 
spectrum  of,  390 
wavelength  of  bands  of,  395 
Suli)haemoglobina?mia,  405 
anoxia  in,  389 
causes  of,  405 
intracorpuscular,  394 
tests  for,  see  under  Sulphaeniogh 
Suljihaguanidine,  503 
determination,  503 
Sulphamerazine,  502 
determination,  503 
Sulphamethazine,  502 
determination,  503 
Sulphanilamide,  502 
determination,  503 
Sulphapyridine,  502 
determination,  503 
Sulphasuccidine,  503 
determination,  503 
Sulphathiazole,  502 
determination,  503 
Sulphatriad,  503 

Sulphonal,  cause  of  metha;moglol 
mia,  405 

of  porphyria,  409 
Sulphonamides,  501 
acetyl  derivatives,  505 
in  blood,  505 
in  urine  deposits,  98 
anuria  from,  13 
blood  level  required,  505 
crystals  in  urine  dejiosits,  98 
determination  in  body  fluids, 
505 

formulae  of,  502-503 
hiematuria  from,  98 
lucmoglobina'rnia  from,  404 
metluemoglobinaunia  from,  405 
solubilities  of,  98 
tests  for  in  urine  and  urine  depc 
98-99 

Sulphosalieylic  acid  test  for  prote 
urine,  84 
Sulphur,  327 
in  blood,  327 
in  urine,  3‘28 

Sulphuric  acid,  preparation  of  -/rf 
Supplemental  air,  389 
Surface  area,  from  height  and  we 

381  ^  , 

variation  of  basal  metabi 
with,  370 

Sweat,  chloride  loss  in,  344 
Sweating,  concentrated  urine  from 
Sweets,  dyes  from,  effect  on  i 

colour,  491  ,  «  ■  1 

S>i)hilis,  cerebrospinal  flmo  "O 

405,  472  ,  I  ,1  ^ip- 

Syringes,  for  collecting  blood,  cle. 

and  sterilizing  of,  3 
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Tabes  dorsalis,  cerebrospinal  fluid  in, 
46o,  400,  472 

Lange  colloidal  gold  curve  in,  408 
Tables,  atomic  weights,  519 

absorption  bands  of  haemoglobin  and 
derivatives,  895 

basal  metabolism  standards,  871-378 
buffer  mixtures,  865,  515-517 
conversion  of  volume  of  gas  to 
X.T.P.,  888 
indicators,  514 

glucose  tolerance  curves,  46-51 
insulin  tolerance  curves,  54 
laevulose  tolerance  curves,  248 
plasma  protein  fractionation  by 
electrophoresis,  162 
respiratory  quotients  for  fat-carbo- 
hydrate  mixtures,  375 
surface  area  from  height  and  weight, 
381 

standard  weights  for  height  and  age, 
518 


water  vapour  pressure,  880 
Takata-Ara  reaction,  244 
Tauber’s  test  for  pentoses,  65 
Tay-Sach’s  disease,  195 
Temperature,  influence  on  basal  meta¬ 
bolism,  385 
on  urine  volume,  12 
Test  meals,  alcohol,  214 
Ewald  one  hour,  197 
fractional  test  meal,  197 
“  histamine,”  213 
“  insulin,”  215 
oatmeal  gruel,  197 
Testis,  diminished  secretion  of,  440 
tumours  of,  1 7-ketosteroid  excretion 
in,  443 

Tetany,  due  to  alkalosis,  361 
due  to  reduced  serum  calcium,  297- 
298 


Thiamine,  see  under  vitamin  Bj,  416 
Thiocyanates,  determination  in  serum. 
506 

^  in  treatment  of  hypertension,  507 
rhiouracil  in  thyroid  disease,  effect  on 
blood  cholesterol,  189 
riiormahlen  test  for  melanogen,  489 
Phorn-apple  crystals,  95 
Phumb,  collection  of  blood  frotn,  1 
Phymol  blue,  as  indicator,  514 

in  titration  of  gastric  contents,  201 
flocculation  test,  245 
turbidity  test,  244 
use  in  preserving  blood,  7 
urine,  12 

Phymolphthalein,  as  indicator,  514 
I  h>Toid  diseases,  see  Hyper-  and 
Hypothyroidism. 

PhvToxine,  319 
Pidal  air,  389 

tratable  acidity  of  urine,  368 


Tollen’s  test,  65 

Toluene,  use  in  preserving  urine,  12 
Topfer’s  reagent,  as  indicator.  514 

use  in  titration  of  gastric  contents, 
200 

Toxiemia  of  pregnancy,  albuminuria  in, 
88 

chloride  loss  in  due  to  vomiting, 
.341 

renal  failure  in,  134 
Transfusion,  incompatible,  hamio- 
globinaemia  due  to,  404 
Transmission,  in  photoelectric  colori¬ 
metry,  22 

relation  to  concentration,  28 
Transmittance,  22 
Transudates,  474 

Trichloracetic  acid,  use  as  protein 
precipitant,  9 

Triple  phosphates,  in  fa?ces,  278 
in  urine  deposits,  92 
Tropaeolin  O,  use  as  indicator,  514 
Tr\-panosomiasis,  formol  gel  test  in,  250 
Trj’psin,  262 

determination  in  duodenal  contents, 
264-266 
in  faeces,  266 

Tuberculosis,  plasma  proteins  in,  180- 
181 

\Yeltmann  coagulation  test  in,  250 
Tuberculous  disease  of  the  intestine, 
faecal  fat  in,  290 

meningitis,  cerebrospinal  fluid  in 
460,  462,  470,  471 
tryptophane  test  in,  470 
kidneys,  blood  urea  in,  110 
Tubular  excretion,  125,  126 
excretory  mass,  126 
Tungstic  acid,  use  as  protein  precipi¬ 
tant,  8 

Typhoid,  plasma  fibrinogen  in,  180 
TvTosine,  in  urine  deposits,  97 


Uffelmann’s  reagent  and  test  for  lactic 
acid,  202 

Ulcerative  colitis,  blood  urea  in,  109 
chloride  loss  in,  341 
Ultraviolet  lamp,  409 
I  raemic  coma,  chemical  findings  in,  135 
serum  potassium  in,  351 
I’rates,  crystals  in  joints,  153 
in  urine  deposits,  94 
Urea,  determination  in  blood,  104.  See 
also  under  Blood  urea, 
in  cerebrospinal  fluid,  469 
murine,  110.  ,S’ee  also  under 
I  nne  urea. 

format  ion  of  in  body,  104 
clearance,  after  giving  urea,  122 
collection  of  specimens  for,  119— 
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Urea  clearance,  correction  for  body 
size,  121 

definition  of,  118 
effect  of  low  protein  diet  on,  122 
in  kidney  diseases,  133-135 
interpretation,  122 
maximum,  119 

relation  to  insulin  clearance,  125 
sources  of  error,  120 
standard,  119 
concentration  test,  117 
Urease,  fluoride  an  enzyme  poison  for, 

7 

use  in  determining  blood  urea,  104, 
105 

titration  method  for  urine  area,  113 
Ureometers,  Gerrard’s,  111 
MacLean’s,  112 

Urethra,  stricture  of,  blood  urea  in,  110 
Uric  acid,  determination  in  blood,  148- 
151 

in  urine,  152 
formula  of,  151 
in  gout,  152 
in  urine  deposits,  93 
murexide  test  for,  482 
stones,  480 
Uricase,  150 
Urinary  calculi,  480 

chemical  examination  of,  482 
factors  influencing  formation  of, 
481 

substances  present  in,  480 
obstruction,  effect  on  blood  urea. 

Urine,  abnormal  pigments  in.  488-493 
acetone  bodies  in,  74,  77 
albumin  in,  84,  see  also  Urine  i)ro- 
teins. 

albumin-globulin  ratio  in,  90 
alcohol,  determination  of,  494  ^ 
relation  to  blood  alcohol,  495 
amidopyrine  in,  492 
amino-acid  nitrogen,  determination 
of,  1 50-158 
interpretation,  158 
normal  range  of,  158 
paper  chromatography  of,  159 
p-amino-hippurate,  determination  of, 

131  .  . 

p-amino-salicylic  acid,  determination 
of,  501 

ammonia,  36(i 
coeflicient,  307 
daily  output  of,  307 
determination,  300-307 
interpretation,  307 
amylase,  determination,  2(2 
interpretation,  273 
anthoevanins  in,  491 
ascorbic  acid,  determination,  427 
in  saturation  tests,  428 


Urine,  ascorbic  acid,  interpretati 
428 

normal  excretion  of,  428 
barbiturates,  determination.  495 
Bence-Jones’  protein  in,  85 
amount  present,  90 
tests  for,  80 
bile  pigments  in,  232 
in  urine  deposit,  98 
interpretation,  232 
tests  for,  232 
bile  salts  in,  239 
tests  for,  239 
blood  in,  85 

cause  of  abnormal  colour,  488 
red  eells  in  deposit,  99 
calcium,  determination,  299 
interpretation,  301 
Sulkowich’s  test  for,  299 
carbonate  in  deposit  from,  95 
phosphate  in  urine  deposit,  92, 
oxalate  crystals  in  deposit  from 
sulphate  in  urine  deposits,  90 
calculi,  480,  see  also  Urinary  calci 
carbolic  acid  in,  491 
casts  in  deposit  from,  100 
cells  in  deposit  from,  99 
changes  on  keeping,  1 1 
chlorides,  determination,  333 
normal  excretion  of,  334 

and  chloride  intake,  334 
cholesterol  in  deposits  from,  97 
chyle  in,  190 
collection  of,  11 

colour  of,  factors  influencing,  4 
493 


I 


Congo  red  in,  492 
contamination  with  semen,  88 
with  vaginal  discharges,  88 
copper,  determination,  320 
interiiretation,  327 
normal  range,  327 
creatine,  determination,  144 
interjiretation,  140 
creatinine,  determination,  143 
interpretation,  140 
reducing  effect  of,  <>8 
cresols  in,  492 
crystals  in,  91-99 
cylindroids  in  deposit  from,  10- 
cystine  in,  90 
deposits,  91-103 
artefacts  in,  102 
casts  in,  100 
cells  in,  99 
crystals  in,  91-99 


cylindroids  in,  102 
technique  of  examination,  1- 
diastase,  see  under  Amylase,  2(‘- 
drugs  in,  491 

earthy  jihospatcs  m  deposits 
92  ■ 
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Jrine,  eosiii  in,  491 
epithelial  cells  in  deposit  from,  99 
ethereal  sulphates,  327 
eu-globulin,  84 
test  for,  87 
fat  in,  195 
fibrinogen  in,  84 
fluorescence  of,  409 
fructose,  determination  by  Bene¬ 
dict’s  method,  70 
fermentation  test  for,  58 
osazone  test  for,  58 
paper  chromatography  for,  60- 
63 

Seliwanoff's  test  for,  64 
significance  of,  67 

galactose,  determination  by  Bene¬ 
dict’s  method,  70 
mucic  acid  test  for,  65 
paper  chromatography  for,  60- 
63 

significance,  67 
Tollen’s  test  for,  65 
globulins  in,  84,  see  also  tinder  Urine 
proteins. 

glucose,  determination,  69 
fermentation  test  for,  58 
osazone  test,  58 

paper  chromatography  for,  60-63 
significance,  66 

glucuronates,  drugs  forming,  67 
significance  of,  67 
Tollen’s  test  for,  65 
haemoglobin  in,  85,  394,  404 
haemosiderin  in,  325 
hippuric  acid,  determination,  251 
in  deposit  from,  98 
homogentisie  acid,  490 
reduction  by,  68,  490 
in  fa;ces,  15 
indican  in,  328 

effect  on  urine  colour,  488 
indigo  formed  from,  98,  488 
test  for,  328 

indigo  blue,  differentiation  from 
methylene  blue,  492 
formed  from  indican,  effect  on 
urine  colour,  488 
in  deposits  from,  98 
indigo-earmine  in,  492 
indoxyl  sulphate,  see  under  Indican. 
inorganic  phosphate,  .307 
determination,  307 
interpretation,  308 
sulphate,  328 
inulin,  determination,  129 
iron  in,  324,  see  also  under  Haemosid¬ 
erin. 

17-ketosteroids,  determination,  435 
interpretation,  439 
normal  values,  439.  See  also  under 
1 7-Ketosteroids. 


Urine,  lactose,  determination  by 
Benedict’s  method,  70 
methylamine  test,  65 
mucic  acid  test,  65 
osazone  test,  58 

paper  chromatography  for,  60-63 
significance  of,  66 
laevulose,  see  Fructose, 
lead,  determination,  507 
interpretation,  509 
normal  excretion  of,  509 
leucine  in  deposits  from,  97 
lipoid  globulin,  84 
test  for,  87 

melanogen,  and  tests  for,  488 

differences  from  homogentisie  acid, 
490 

melanin,  488 

mercury,  determination,  510 
interpretation,  512 
methaemoglobin,  85,  405 

See  also  under  Methaemoglobin, 
cause  of  abnormal  colour,  488 
methylene  blue,  492 
microscopic  examination  of  deposit 
from,  102 
mucus  in,  87 
myohaemoglobin  in,  406 
nicotinic  acid  in,  424 
N^-methyl  nicotinamide  in,  425 
nitrogen,  total,  determination,  139- 
141 

interpretation,  142 
partition  of,  142 
per  cent,  urea  nitrogen  in,  142 
pentoses,  Bial’s  test  for,  64 
osazones  of,  58 

paper  ehromatograi)hy  for,  60-63 
significance  of,  67 
Tauber’s  test  for,  65 
Tollen’s  test  for,  65 
pH  of,  368 
phenol  in,  491 

red,  determination,  123 

cause  of  abnormal  colour,  492 
pbenolphtbalein  in,  cause  of  abnormal 
colour,  492 

phenylhydrazine,  cause  of  abnormal 
colour  in,  492 
phosphorus,  total,  .309 
determination,  309 
normal  value  for,  308 
porphyrins,  408 
tests  for,  409 
pre.servation  of,  12 
proteins,  83-90 
Benee  .lones’,  85 
classification  of,  8.3 
determination,  89 
effect  on  specific  gravity  of  urine, 
14* 

interpretation,  87 
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Urine,  proteins,  i)reeii)itated  by  cold 
acetic  acid,  87 

temperature  at  wliich  coagulated, 
85 

tests  for,  83 
proteoses,  85 
pseudoglobulin  in,  84 
pus  cells  in,  99 

pyridium,  cause  of  abnormal  colour, 
492 

pvTuvate,  determination,  418 
ratio  of  day  to  night  urine,  13 
reaction,  and  type  of  crystals  de¬ 
posited,  91,  98 
determination,  368 
reducing  substances  in,  56-69 
determination,  69 
fermentation  test  for,  57 
list  of,  57 

paper  chromatograp)hy  of,  60-64 
significance  of,  66 
special  tests  for,  64 
tests  for,  56 

rhubarb,  cause  of  abnormal  colour, 
491 

riboflavin  in,  423 
salicylates,  determination,  500 
excreted  as  salicyluric  acid,  66 

Gerhardt’s  test  given  by, 
73 

positive  reducing  test  given 
by,  66 

ferric  chloride  test  for,  74 
salicyluric  acid  in,  see  under  Salicy¬ 
lates,  66,  68 

specific  gravity,  measurement,  13-14 
factors  influencing,  14 
in  renal  disease,  133-134 
spectroscof)ic  examination  of,  394, 
409 

spermatozoa  in,  100 
sugar,  see  under  Glucose,  fructose, 
lactose,  galactose,  and  pentoses, 
sulphonamides,  determination,  505 
in  urine  deposits,  98 
sulphur  compounds,  328 
thiosulphate,  determination,  130 
titratable  acidity,  368 
total  nitrogen,  see  Nitrogen, 
tyrosine  in  deposits  from,  97 
urates  in  deposits  from,  94 
urea,  and  protein  intake,  114 
bacterial  decomposition  of,  11 
determination,  110-113 
interi)retation,  113 
uric  acid,  determination,  152 
daily  excretion  of,  153 
in  deposits  from,  93 
interpretation,  153 
reducing  action  of,  68 
urobilin,  Schlesinger’s  test  for,  233 


Urine,  urobilinogen,  233 
determination,  235 
interpretation,  238 
test  for,  234 

vitamin  llj,  determination,  421 
interpretation,  422 
vitamin  C,  determination,  427 
in  saturation  tests,  428 
interpretation,  428 
normal  daily  excretion,  428 
volume,  12 

effect  on  colour  of,  487 
in  salt  and  water  depletion,  346 
xanthine  in  deposit  from,  98 
Urinometer,  for  specific  gravity,  13 
Urobilin,  formation  of,  223 
formula  of,  223 
properties  of,  223 

Schlesingcr’s  test  for,  in  urine  and 
ffeces,  233 
spectrum  of,  397 
wavelength  of  bands  of,  395 
Urobilinogen,  formation  of,  223 
formula  of,  223 
in  faeces,  determination,  237 
interpretation,  238 
in  urine,  determination,  235 
interpretation,  238 
test  for,  234 
Urochrome,  487 

Vafiat ion  wit h  basal  metabolism,  488 
Uroerythrin,  487,  488 

in  urate  deposits  from  urine,  487 
spectrum  of,  397 
Uroporphyrin,  407 
formula,  407 
in  porphyrias,  408-409 
not  in  normal  faeces,  408 
spectrum,  397 

w'avelength  of  bands  of,  395 
Urorosein,  487 
spectrum  of,  397 

Uroselectan,  tests  for  protein  in  urine 
given  by,  84 
Urostealith  calculi,  481 
Urticaria,  fractional  test  meal  in,  210 

Vaginal  discharges  in  urine,  87-88 
Vagotomy,  use  of  insulin  test  in,  215 
Van  den  Bergh  reaction,  223—225 
interpretation,  228 
on  urine,  232 

Van  Slyke’s  gasometric  apparatus,  354 
use  for  blood  carbon  mon¬ 
oxide,  403 

for  oxygen  capacity,  387 
for  oxygen  content,  387 
for  j)lasma  bicarbonate,  354 
Vegetable  fibres  and  cells  in  ffeces,  280, 
282 

Vegetables,  effect  on  colour  of  feces, 
493 
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V’enous  blood,  see  Blood  venous,  2 
Ventricular  fluid,  glucose  content  of, 
4«0 


protein  content  of,  404 
^'enules  for  collection  of  venous  blood, 
4 

i-’eronal,  497 
>'ital  capacity,  389 
measurement  V  390 
variations  in,  390 
>  itamins,  412 
'^itamin  A,  412 

determination  in  serum,  413 
formula  of,  412 
International  unit  of,  410 
normal  range  in  serum,  415 
stone  formation  ni  deficiency  of, 
481 


tolerance  tests,  415 
itamin  Bj,  410 

determination  in  blood,  410 
in  urine,  421 
after  test  dose,  422 
interpretation,  422 
itamin  B,,  (Riboflavin),  determina¬ 
tion  in  urine,  423 
interpretation,  424 
itamin  C,  425 

determination  in  plasma,  and 
whole  blood,  429-431 
interpretation,  430 
determination  in  urine,  427 
interj)rctation,  428 
oxidation  of,  425 
saturation  test,  428 

^nd  Kk'krtr  D 

mitmg,  alkalosis  from,  341,  300 
•blonde  loss  from,  ,‘J4i 
n  diabetic  coma,  80 
n  ura*mic  coma,  135 
n  Gierke’s  disease,  43 


illace  and  Diamond’s  test  for 
ilinogen,  234 


uro 


Water  depletion,  345 
vapour  pressure,  380 
Wavelengths  of  bands  of  hemoglobin 
and  derivatives,  395 
Waxy  casts  in  urine  deposits,  101 
Weights,  atomic,  519 
standard  according  to  height  and 
age,  518 

Weltmann  coagulation  test,  249 
Wilson’s  disease,  159 

serum  and  urine  copper  in,  327 
Wohlgemuth’s  method  for  urine 
amylase,  272 


Wu’s  method  for  plasma  proteins,  108 


Xanthine,  calculi,  481 
^  in  urine  deposit,  98 
Xanthochromia  of  cerebrospinal  fluid 
459  ’ 

Xanthomatosis,  189,  195 
blood  cholesterol  in,  189 
Xanthomatous  biliary  cirrhosis,  blood 
cholesterol  in,  189 
blood  phospholipids  in,  191 
ratio  of  free  to  ester  cholesterol 
in,  190 

serum  alkaline  phosphatase  in 
257  ’ 

X-ray  film  method  for  trypsin,  266 


Zimmermann  reaction,  435 
on  serum,  438 
Zinc  protamine  insulin,  79 
sul{)hate,  use  as  protein  precipitant, 

turbidity  test,  248 

uranyl  acetate  method  for  serum 
sodium,  334 
urobilin,  234 


VAIII  ui,  / 

wavelength  of  bands  of  39o 
uroporphyrin,  spectrum  of ,  iim 
wavelength  of  bands  of,  395 
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